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PREFACE 


On  January  8,  1913,  the  author  presented  a  paper :  ''Irrigation  and  River 
Control  in  the  Colorado  River  Delta,"  before  the  American  Society  of  Civil 
Engineers.  For  several  months  thereafter  the  monthly  Proceedings  of  the 
Society  contained  discussions  and  criticisms  by  engineers  and  others  from  all 
parts  of  the  country.  The  paper  and  discussions  were  reprinted  in  the 
Society's  Transactions  (Vol.  LXXVI,  pp.  1204-1571).  They  together  consti- 
tute the  most  exhaustive  and  accurate  account  and  recent  history  of  the 
Imperial  Valley  and  the  Salton  Sea,  which  has  appeared  or  probably  will  be 
published  for  many  years  to  come. 

Copies  of  the  paper  were  sent  to  all  of  those  still  living  who  had  taken  any 
important  part  in  the  engineering,  financial  and  development  sides  of  the 
Colorado  Desert  and  Yuma  Valley  reclamations,  and  to  all  of  those  who 
probably  might  have  had  peculiar  opportunities  to  know  the  real  facts  of  the 
various  important  events,  requesting  comments  and  criticisms.  Expressions 
of  regret  that  the^  paper  had  appeared  in  a  publication  which  is  practically 
unavailable  to  the  general  public  were  so  general  it  was  finally  decided  to 
order  a  few  hundred  reprints  and  bind  them  together  with  some  additional 
matter  of  scientific  but  popular  interest  concerning  the  region.  In  this  way 
the  present  volume  resulted. 

Part  I,  by  the  distinguished  geologist.  Prof.  Wm.  P.  Blake,  is  of  exceptional 
interest.  Dr.  Blake  was  the  first  to  examine  and  describe  the  Colorado 
Desert  in  a  scientific  way.  He  was  the  Geologist  of  Lieut.  Williamson's 
party  of  United  States  Topographic  Engineers  which  surveyed  and  reported 
upon  the  southern  route  for  a  transcontinental  railroad  in  1853.  Dr.  Blake 
died  May  22,  1910,  at  the  age  of  83  years,  mourned  by  a  host  of  scientific  and 
personal  friends  in  Europe  and  in  this  country,  extending  from  New  Haven, 
Conn.,  to  the  Pacific  Coast,  who  loved  him  for  his  charming  personality  as 
much  as  they  admired  his  profound  learning  and  ability.  While  Emeritus 
Professor  of  Geology  in  the  University  of  Arizona  he  very  kindly  consented 
to  help  the  author  in  preparing  an  elaborate  paper  on  irrigation  and  river 
control  upon  the  Lower  Colorado,  and  in  the  latter  part  of  1908  wrote  the 
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interesting  and  delightful  monograph  here  given.  Much  of  this  manuscript 
was,  however,  considered  peculiarly  suitable  for  use  in  the  volume  of  scientific 
monographs  on  the  Salton  Basin  being  compiled  under  the  direction  of 
Dr.  D.  T.  MacDougal  for  the  Carnegie  Institution  of  Washington,  D.  C. 
Some  of  the  material  was  omitted  from  that  volume  because  of  sections  by 
other  writers  which  treated  various  interesting  phases  in  more  detail. 
Through  Dr.  MacDougal's  kindness  it  is  possible  to  use  Dr.  Blake's  paper 
which  is  here  given  in  the  original  and  complete  form  as  revised  by  Dr. 
Blake  shortly  before  his  death. 

Through  the  kindness  of  Dr.  MacDougal  and  the  several  authors  who 
collaborated  with  him  in  the  volume  on  the  Salton  Basin  it  is  possible  to 
present  the  interesting  abstracts  which  constitute  Part  II. 

Part  III  is  a  general  description  of  the  entire  Colorado  River  Watershed 
compiled  by  the  author  chiefly  from  data  contained  in  Government  publica- 
tions. 

Part  IV  is  the  author's  paper:  "Irrigation  and  River  Control  in  the 
Colorado  River  Delta"  with  discussions,  as  it  finally  appears  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers. 

Part  V  is  a  statement  of  the  developments  in  the  region  from  September, 
1913,  to  July,  1915. 

H.  T.  CORY. 
San  Francisco,  Cal.,  July  31,  1915. 
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PART  I. 


SKETCH 


OF  THE  REGION  AT  THE  HEAD  OF  THE 

GULF  OF  CALIFORNIA 


A  REVIEW  AND  HISTORY 

by 

DR.  WILLIAM  P.  BLAKE 

Professor  of  Geology  (Emeritus), 
University  of  Arizona 


I.    THE  GULF  OF  CALIFORNIA. 

The  great  Gulf  of  California  into  which  the  Colorado  of  the  west  has 
poured  its  abundant  floods  laden  with  sediment  and  built  up  a  broad  and 
fertile  delta,  is  one  of  the  most  remarkable  of  the  physical  features  of  North 
America,  interesting  alike  for  its  form,  extent,  geologic  history,  and  climatic 
and  other  phenomena  analogous  to  those  of  the  Red  Sea  of  Asia.  It  is 
especially  interesting  in  its  relations  to  the  Colorado  River — ^the  Nile  of 
America — ^and  to  the  history  of  the  progress  of  the  early  explorations  and 
discovery  on  this  continent. 

Since  the  days  of  Cortez  and  Montezuma,  it  has  been  a  fascinating  region 
for  exploration;  and  has  been  known  at  different  times  as  the  "Sea  of 
Cortez,"  the  "Vermillion  Sea,"  and  the  "Sea  of  California." 

It  occupies  the  long  trough-like  valley,  on  the  western  coast  of  Mexico, 
extending  over  nearly  ten  degrees  of  latitude,  or  800  miles,  from  the  parallel, 
22  degrees  to  32  degrees.  It  separates  the  mountainous  peninsula  of  Lower 
California  from  the  Sierra  Madre  of  Mexico. 

Progress  of  Discovery. 

The  Gulf  of  California  and  its  shores  were  the  scenes  of  many  of  the 
earliest  efforts  at  discovery  and  colonization  after  the  conquest  of  Mexico 
by  Cortez. 

In  1539,  Cortez  sent  an  expedition  with  three  vessels  under  the  command 
of  Francisco  De  Ulloa,  up  the  gulf  from  Acapulco.  The  gulf  was  then 
supposed  to  be  a  long  strait,  leading  to  the  North  Sea,  and  the  peninsula  of 
Lower  California  was  supposed  to  be  an  island.  UUoa  found  his  passage 
northward  barred  by  the  deposits  of  a  great  river,  but  he  returned  without 
exploring  it. 

In  1540  Fernando  Alarqon  was  sent  up  the  gulf  by  Viceroy  Mendoza, 
with  instructions  to  explore  the  river  and  to  unite  with  the  land  exploration 
under  Coronado,  who  started  April  22,  1540,  from  Culiacan  overland  to  reach 
the  Seven  Cities  of  Cibola,  described  by  the  Friar  Mances  de  Noza.  It 
appears  that  Alar^on  left  his  vessel  at  the  mouth  of  the  Colorado,  which  he 
ascended  by  boat  for  16  days.  Returning  to  his  vessel,  he  left  letters  for  the 
explorer  Diaz  at  the  foot  of  a  large  cross  estimated  to  be  15  leagues  from 
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the  mouth  of  the  river.  Diaz  is  supposed  to  have  ascended  the  river  and  to 
have  been  the  first  white  man  to  walk  upon  the  Colorado  Desert. 

According  to  the  historian  Venegas,  Father  Consag  made  a  survey  of  the 
gulf  in  1746.  Sailing  in  small  boats  along  the  western  side  of  the  gulf,  he 
reached  the  mouth  of  the  Colorado  and  described  the  land  about  it  as  low, 
marshy  and  red,  so  soft  that  it  would  not  support  the  men  when  they  stepped 
upon  it. 

The  history  of  these  early  explorations  is  graphically  told  by  G.  Wharton 
James  in  Chapter  VII  of  the  first  volume  of  his  book  on  the  California 
Desert.*  He  relates  that  the  first  Christian  known  to  have  crossed  the  entire 
length  of  the  desert  from  the  San  Gabriel  Mission,  in  California,  by  the  pass 
of  San  Gorgonio  was  one  Sebastian,  a  converted  Indian,  who  had  fled  from 
the  mission.  He  reached  Tubac  and  afterwards  became  connected  with 
Captain  Juan  Bautista  de  Anza  as  a  guide.  They  in  company  with  the  Padres 
Forst  and  Garces  started  across  the  desert  in  January,  1774.  Palma,  a  chief 
of  the  Yumas,  is  said  to  have  accompanied  them  across  the  river  to  a  lagoon 
in  the  southwest  which  was  formed  by  the  river  in  time  of  floods.  Anza  is 
said  to  have  wandered  in  the  region  for  six  days  and  to  have  then  returned 
to  the  lagoon  for  a  fresh  start,  under  Palma's  direction.  Mr.  James  thinks 
that  the  party  under  the  guidance  of  Palma  finally  traversed  the  desert 
northwesterly  and  crossed  the  mountains  at  the  pass  of  San  Gorgonio  which 
they  named  "Puerto  de  San  Carlos." 

This  is  the  first  record  or  mention  seen  by  the  writer  of  any  transit  of 
the  pass  by  either  Indian  or  Spanish  explorers.  Doubtless  the  pass  has  long 
been  known  to  the  Indians  as  a  short  route  across  the  mountains,  but  at  the 
time  of  the  transit  of  the  pass  by  Lieut.  Parke,  second  in  command  of  the 
Williamson-  expedition,  and  the  writer  as  zoologist,  in  1853,  nothing  was 
known  of  it  in  the  literature  of  exploration  of  the  Western  Coast  and  no  trail, 
road  or  indication  of  trail  could  be  seen.  It  was  an  unknown  pass  in  an 
unknown  region,  leading  into  a  dreaded  desert. 

Although  well  acquainted  with  Don  Juan  Warner,  and  conversing  fre- 
quently with  him  in  1853-54  about  the  desert,  he  did  not  mention  this  pass 
or  any  route  through  that  portion  of  the  desert  to  the  northwest. 

The  early  (Jesuits)  fathers  entered  upon  the  peninsula  in  1697,  estab- 
lishing missions  and  building  churches.  On  their  visits  northward  to  the 
missions  of  Alta  California,  and  in  connection  with  the  military  expeditions 
of  exploration  and  occupation,  followed  the  coast  of  the  gulf  as  nearly  as 

♦"The  Wonders  of  the  Colorado  Desert."     George  Wharton  James.     2  vols. 
Little,  Brown  &  Co.,  Boston,  1906. 
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possible  on  their  way  from  Culiacan  on  the  gulf.  They  crossed  the  Colorado 
below  the  mouth  of  the  Gila  and  made  their  way  across  the  desert  to  the 
mountains  at  the  warm  springs  afterward  occupied  by  Warner  on  the  way 
to  San  Diego,  or  to  Los  Angeles.  The  main  road  in .  Sonora  from  Altar 
passed  through  the  mining  town  now  known  as  El  Plomo,  and  the  route  is 
still  known  there  as  the  "Camino  Real." 

Cartography. 

The  progress  of  discovery  and  knowledge  of  the  region  of  the  gulf  is 
well  illustrated  by  the  maps  published  at  different  dates. 

Up  to  the  time  of  the  completion  of  the  explorations  of  Ulloa  and  of 
AlarQon  the  gulf,  or  Vermillion  Sea,  was  regarded  as  a  long  strait,  extending 
nearly  to  the  parallel  50°  North  latitude.  The  peninsula  of  Lower  California, 
and  indeed  all  Upper  California,  named  New  Albion  by  Sir  Francis  Drake  in 
1577,  was  supposed  to  be  an  island  separated  from  New  Granada,  now  New 
Mexico,  by  this  strait  or  gulf,  by  some  then  regarded  as  the  mythical  Strait 
of  Arrian  separating  from  the  main  land  the  equally  mythical  island  of  gold, 
pearls  and  Amazons,  called  California  in  an  ancient  Spanish  romance*  from 
Califa,  the  queen  of  the  Amazons.  This  belief  had  taken  such  a  strong  hold 
upon  the  imagination  of  map-makers  and  the  stay-at-home  geographers  that, 
notwithstanding  the  result  of  the  explorations  of  Ulloa  and  Alargon,  maps 
published  in  England  as  late  as  1721  perpetuated  the  error.  But  Father 
Kino,  the  intrepid,  intelligent  and  faithful  Jesuit  explorer,  and  his  associates 
had  already  solved  the  problem  and  had  shown  upon  Father  Kino's  map, 
dated  about  1700,t  that  California  was  a  peninsula,  and  that  the  deposits  of 
the  Colorado  River,  formed  the  head  of  the  gulf. 

The  map  of  Petro  Font,  Tabutama  1777,  shows  the  head  of  the  gulf  as 
reaching  irregularly  far  inland;  and  may  be  regarded  as  rudely  representing 
the  region  of  the  Hardy's  Colorado  and  the  Pattie  Basin. 

x\n  English  map  by  Burg  contemporaneous  with  Father  Kino's  shows 
California  as  an  island,  and  in  a  New  General  Atlas  of  the  World,  published 
in  1721,  it  is  similarly  represented.? 

♦"Las  Sergas  de  Esplandian."  The  first  edition  was  published  in  the  year 
1510.  Blackmar,  "Spanish  Institutions  of  the  Southwest,"  Johns  Hopkins  Press, 
Baltimore,  1891,  p.  91. 

tFather  Kino's  map,  1698-1702,  generally  known  as  the  "Jesuit's  Map" — 
"Tabula  Californiae,  Anno  1772  Ex  Autopica — observatione  delineata  a  R.  P. 
Chlnoe  S.  J."  gives  a  very  full  representation  of  "Californiae  Pars,"  of  Sonora 
and  the  Peninsula. 

t"A  New  Map  of  America  from  the  latest  observations,  revised  by  John 
Senex."  A  copy  of  this  map  may  be  found  in  the  Lenox  Library  and  is  repro- 
duced on  a  smaller  scale  on  A.  W.  North's  "Mother  of  California,"  Elder,  San 
Francisco,  1908,  p.  29. 
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An  excuse  for  the  early  erroneous  view  of  California  as  an  island  may 
be  found  in  the  fact  that  topographically  the  valley  of  the  gulf  does  not  end 
at  the  mouth  of  the  Colorado  but  continues  as  a  low  open  country,  a  part  of 
it  below  the  sea-level,  for  some  200  miles  beyond  toward  the  western  coast, 
covering  the  region  now  known  as  the  Delta,  the  Imperial,  Coachella  and 
Cahuilla  Valleys,  in  part,  for  the  present,  submerged  by  the  Salton  Sea. 

Routes  Across  the  Desert. 

The  desert  or  valley  region  between  the  Colorado  at  the  mouth  of  the 
Gila,  and  the  peninsula  mountains  and  Warner's  Valley,  up  to  the  middle  of 
the  last  century,  was  a  much  dreaded  90-mile  joumada  without  water  or  shade 
from  the  burning  sun.  It  was  usually  traveled  in  haste  and  generally  at 
night,  to  escape^  the  heat ;  and  little  time  was  given  to  the  study  of  its 
phenomena.  As  a  rule  it  was  a  race  for  life,  from  the  time  of  leaving  the 
waters  of  the  Colorado  to  the  first  water  in  Carrizo  Creek,  San  Filipe  or 
Vallecitos.  To  the  greater  number  of  travelers,  there  was  nothing  to  note 
but  a  seemingly  endless  plain  of  desert  and  burning  sands. 

When  gold  was  discovered  upon  the  American  River  in  Upper  California, 
the  report  reaching  the  mining  population  of  Sonora,  caused  a  great  exodus 
of  Sonoranian  miners  to  the  New  Eldorado.  They  generally  took  the  ancient 
road  northward  from  Altar  to  the  crossing  of  the  Colorado  at  the  mouth  of 
the  Gila,  and  thence  over  the  desert. 

Lt.-Col.  W.  H.  Emory  crossed  the  desert  in  1846,  by  the  old  trail  between 

the  mouth  of  the  Gila  and  San  Diego.     Some  captured  Mexicans  failing  to 

find  water  at  the  Alamo,  stated  that  a  league  to  the  west  they  had  found  a 

running  stream,  but  Col.  Emory,  who  sent  out  parties  to  search  for  it,  did  not 

find  it.    He  described  a  basin  of  a  salt  lake  as  three-quarters  of  a  mile  long 

and  half  a  mile  wide,  in  which  the  water  had  receded  to  a  pool.*    He  noted 

the  occurrence  of  shells  on  the  90-mile  desert.     Capt.  A.  R.  Johnson,  who 

accompanied   Col.   Emory,   and   was   killed   in   action   at   the   battle   of   San 

Pasquale   December   6,   1846,   was  probably   the   first   to   recognize   that   the 

desert  area  was  once  covered  by  water,  for  he  writes : 

"At  a  no  distant  day,  this  place  which  is  now  a  dry  desert,  was  once  a 
permanent  lake."  f 

He  noted  also  the  occurrence  of  shells. 

But  neither  of  these  explorers  noted  that  the  surface  of  the  desert  was 

below  the  level  of  the  sea. 

•Report  Military  Reconnaissance.     Govt.  Print,  Washington,  1848. 
tReport  of  War  Department,  Executive  Document  No.  41,  p.  611. 
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The  much  later  explorations  of  the  Lx)wer  Colorado  and  the  head  of  the 
gulf  by  Ives,  Dewey  and  others  are  well  known.  The  explorers,  however, 
did  not  reach  the  interior  desert  region. 

Pacific  Railroad  Explorations. 

• 

The  year  1853  was  a  most  notable  one  in  the  history  of  explorations  of 
United  States  territory  west  of  the  Mississippi  River.  In  that  year  under  the 
administration  of  President  Pierce  with  Jefferson  Davis  as  Secretary  of 
War,  four  fully  equipped  expeditions  authorized  by  Congress,  were  sent  out 
to  explore  the  almost  unknown  country  lying  between  the  Mississippi  River 
and  the  Pacific  Ocean,  to  look  for  and  determine  a  practicable  route  for  a 
railway. 

Our  knowledge  of  the  country  at  that  date  may  be  summarized  as  follows : 
Aside  from  the  early  explorations  in  the  northwest,  Fremont,  in  his  daring 
overland  explorations,  had  made  us  acquainted  with  the  obstacles  and  perils 
of  a  route  across  the  Sierra  Nevada;  Stansbury  had  told  us  of  the  Great  Salt 
Lake;  Sitgraves  had  crossed  Arizona  south  of  the  Grand  Canyon,  entering 
what  is  now  California,  near  the  mouth  of  Bill  Williams  Fork;  and  Emory 
had  made  a  rapid  military  reconnoissance  of  the  route  from  Fort  Leaven- 
worth, Mo.,  to  San  Diego,  in  California. 

To  one  of  the  expeditions  of  1853,  was  assigned  the  duty  of  following  the 
Sierra  Nevada  of  California  southward,  to  seek  for  any  suitable  pass  through 
which  a  railway  might  be  built  from  the  Missouri  River  to  the  Pacific  Ocean. 
This  survey  was  placed  in  charge  of  Lieut.  R.  S.  Williamson,  of  the  U.  S. 
Topographical  Engineers,  with  Lieut.  J.  G.  Parks,  second  in  command.  The 
writer  was  geologist,  attached  to  this  party,  and  while  acting  in  this  capacity 
made  the  first  geological  examination  of  the  Colorado  Desert.  Walker's 
Pass,  much  vaunted  at  the  time  as  the  best  and  only  practicable  pass  in  the 
Sierra  Nevada  was  the  first  objective  point.  It  was  most  favored  by  Senator 
Gwin  of  California  (known  also  as  "Duke"  Gwin),  who  had  personally 
taken  the  field  and  journeyed  as  far  south  as  the  Tejon;  and  could  see  from 
its  summit  a  favorable  route  across  the  Great  Basin  westward.  Surveys 
were  made  by  the  Williamson  expedition,  of  Walker's  Pass,  the  Taheechapah 
(the  orthography  of  which  has  been  corrupted  to  Tehachipi),  Tejon,  Canada 
de  las  Uvas,  the  passes  north  of  Los  Angeles,  and  the  Cajon  from  the  Mojave 
to  San  Bernardino,  without  finding  any  pass  that  offered  an  especially 
favorable  and  easy  route  or  inviting  grades. 
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San  Gorgonio  Pass. 

Imagine,  then,  the  enthusiasm  with  which  the  unknown  great  break,  in 
the  mountain  range  between  San  Bernardino  and  San  Jacinto  was  approached 
by  the  members  of  the  party  as  we  made  our  way  eastward  from  the  region, 
then  practically  unoccupied  but  now  known  as  Colton  and  Redlands,  and 
found  an  easy  grade  and  open  country  for  our  train  of  wagons  to  the  summit, 
only  2580  feet  above  the  sea.  Here,  at  last,  was  discovered  the  greatest  break 
through  the  western  Cordillera,  leading  from  the  slopes  of  Los  Angeles  and 
the  Pacific  into  the  interior  wilderness.  It  had  no  place  upon  the  maps,  and 
had  not  been  traversed  by  surveying,  parties  or  wagons.  From  the  summit 
we  could  look  eastward  and  southward  into  a  deep  and  apparently  inter- 
minable valley  stretching  off  in  the  direction  of  the  Gulf  of  California.  This 
pass  was  evidently  the  true  gateway  from  the  Jnterior  to  the  Pacific  Ocean. 

The  discovery  of  this  practicable  and  easy  railroad  route,  determined  the 
construction  of  a  southern  railroad;  and  made  it  necessary  to  acquire  from 
Mexico  the  strip  of  country  in  Southern  Arizona,  since  known  as  the 
"Gadsden  Purchase." 

We  descended  with  eagerness  into  this  great  unknown  valley,  carefully 
reading  the  barometer  at  regular  distances  to  ascertain  the  grade.  Pro- 
ceeding without  obstacles,  but  without  any  trace  of  a  road  and  following 
the  dry  bed  of  a  stream,  now  known  as  the  Whitewater,  we  reached  the  bed 
of  a  former  lake,  and  found  it  to  be  below  the  level  of  the  sea. 

The  value  of  this  pass  as  a  great  natural  gateway  through  the  mountains 
from  the  ocean  to  the  interior,  is  emphasized  by  the  magnificence  of  the 
mountain  masses  rising,  like  sentinels,  on  the  north  and  on  the  south. 
These  are  San  Bernardino,  over  11,000  feet,  and  snow-capped  for  the  greater 
part  of  the  year;  and  San  Jacinto,  the  sharp  peak  on  the  south  with  the 
rugged  sides  and  similar  elevation,  which  forms  the  northern  end  of  the 
peninsula  range. 

This  San"  Gorgonio  Pass  is  the  only  great  break  directly  through  the 
mountains  from  Cape  St.  Lucas  to  the  Golden  Gate;  and  like  the  Golden 
Gate,  it  is  a  great  draught-channel  for  the  in-rush  of  ocean  winds  to  supply 
the  uprising  heated  air  of  the  interior  deserts. 

Topographically,  this  valley  into  which  we  descended  is  the  northwestern 
extension,  prolongation,  or  head,  of  the  Gulf  of  California. 
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Outline  of  Geologic  History. 

That  this  valley  was  formerly  occupied  by  sea-water  is  shown  by  the  reefs 
of  fossil  oysters  and  other  marine  shells.  As  these  fossils  are  now  above 
tide-level,  it  is  evident  that  there  has  been  a  considerable  uplift  of  the  whole 
region,  and  a  change  from  marine  to  fresh  water  conditions. 

Such  no  doubt  were  the  conditions  in  Middle  Tertiary  times.  The  waves 
of  the  gulf  then  washed  the  slopes  of  the  San  Jacinto  and  San  Bernardino 
where  we  now  find  arid  mountains  and  desert  plains. 

The  silt  of  the  Colorado  was  distributed  far- and  wide  in  the  interior  sea, 
only  partially  cut  off  from  the  broad  Pacific  by  a  chain  of  islands  which  now 
form  the  crest  of  the  peninsula  mountains  from  San  Jacinto  to  Cape  St. 
Louis. 

Further  north  on  the  west  coast  of  the  United  States  we  have  another 
great  longitudinal  valley  separating  the  Coast  Ranges  of  California  from 
the  Sierra  Nevada.  The  two  great  valleys  are"  similar  in  many  respects; 
they  both  receive  the  drainage  of  the  larger  rivers  of  the  interior  and  protect 
the  deltas  of  their  rivers  from  the  direct  destructive  or  modifying  action  of 
-the  sea.  In  the  Gulf  of  California  we  find  the  delta  of  the  Colorado,  and  in 
the  California  Valley  the  deltas  of  the  San  Joaquin  and  of  the  Sacramento 
rivers.  The  California  Valley  is  nearly  at  the  sea  level.  The  sea  has  been 
displaced  by  alluvium.  A. depression  of  the  western  coast  of  less  than  1000 
feet  would  flood  the  valley  with  sea- water  through  the  Golden  Gate  from 
the  Tejon  to  Shasta.  A  similar,  or  even  less  depression  of  the  Lower  Cali- 
fornia Region  would  carry  the  tides  of  the  gulf  far  north  of  Yuma  and  flood 
the  valley  for  200  miles  northwest  of  the  present  head  of  the  gulf.  A 
depression  of  25S0  feet  would  connect  the  waters  of  the  Pacific  and  the  gulf 
at  the  Pass  of  San  Gorgonio,  where  the  trains  of  the  Southern  Pacific  Rail- 
way cross  the  divide,  and  would  make  an  island  of  the  Peninsula  of  Lower 
California. 

As  the  land  gradually  rose  from  the  waves,  beds  of  oyster  shells  and  of 
other  forms  of  marine  life  came  into  view,  and  may  be  seen  today  a  thousand 
feet  above  the  valley  on  the  sides  of  the  San  Jacinto  Mountains.  Such 
evidence  of  the  former  marine  occupation  of  the  valley  are  particularly 
strong  and  convincing  along  the  eastern  base  of  the  peninsula  mountains 
where  marine  fossils  of  the  Tertiary  period  are  numerous,  especially  in  the 
stratified  formation  along  Carrizo  Creek.  Many  of  these  fossil  shells  were 
observed  in  1853,  but  have  since  been  described  more  in  detail  by  other 
explorers,  notably  by  Dr.  E.  C.  Stearns  of  California. 
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Dr.  Stephen  Bowers,  who  describes  many  of  the  localities,  writes  of  the 
region  generally  as  follows:* 

"The  water  of  the  old  Tertiary  Sea,  which,  once  prevailed  here,  must 
have  been  extremely  favorable  to  the  propagation  and  growth  of  mollusks, 
especially  oysters.  After  the  vast  erosion  that  has  taken  place,  there  are  many 
square  miles  of  fossil  beds,  especially  of  oyster-shells,  which,  in  places,  are 
200  feet  thick  and  may  extend  downward  to  a  much  greater  depth.  The 
oysters  existed  not  only  in  vast  numbers,  but  in  many  varieties  from  the 
small  shell  which  is  in  evidence  over  so  much  of  the  territory,  to  varieties 
nearly  a  foot  long  and  to  others  weighing  several  pounds  each.  One  variety 
is  nearly  as  round  and  as  large  as  a  dinner  plate." 

Fossil  oyster  shells  are  perhaps  more  abundant  in  the  Coyote  Wells  dis- 
trict, about  seven  miles  north  of  the  International  Boundary  Line  and  about 
375  feet  above  the  level  of  the  sea.  Other  deposits  of  marine  shells,  including 
shark's  teeth,  pectens,  and  univalves,  are  reported  from  one  of  the  branches 
of  Carrizo  Creek. 

But  the  occupation  of  the  valley  by  sea-water,  while  comparatively  recent, 
geologically,  has  extreme  antiquity  and  long  antedates  human  history,  dating 
back  to  the  Middle  Tertiary.  The  continental  elevation  which  followed 
culminated  in  the  Pleistocene,  or  Glacial  Period,  when  the  precipitation  of 
rain  and  snow  are  believed  to  have  attained  their  maximum.  At  that  time 
the  Colorado  of  the  west  had  its  greatest  volume  and  transporting  power. 
Its  silt  was  distributed  far  and  wide  in  the  interior  sea,  then  only  partially 
cut  off  from  the  broad  Pacific  bj^  a  chain  of  islands  which  now  form  the 
crest  of  the  peninsula  mountains  from  San  Jacinto  to  Cape  St.  Lucas.  Enter- 
ing the  gulf  just  below  where  the  mouth  of  the  Gila  River  now  is,  it  began 
dropping  its  load  of  debris  and  silt,  forming  the  raised  delta  which  gradually 
extended  westward  and  southerly  across  the  upper  end  of  the  gulf  toward  the 
Cocopah  Mountains,  and  finally  to  the  higher  ridges  beyond  the  Pattie 
Basin — even  to  the  eastern  base  of  the  peninsula  motmtains.  Aided  by  the 
gradual  elevation  of  the  land  and  by  the  tides  of  the  gulf,  the  building  up  of 
the  delta  proceeded  rapidly.  It  assumed  the  nature  of  a  great  dam  or  levee 
stretching  across  the  gulf  and  diverting  the  river  water  through  shifting 
channels  to  one  side  or  the  other,  first  to  the  lower  part  leading  to  the  gulf 
and  then  to  the  upper  end  of  the  depressed  area  shut  off  from  the  tides. 

At  certain  seasons  the  tides  rise  to  a  great  height  at  the  head  of  the  gulf 

and  are  accompanied  by  dangerous  bores.    Such  tides  rushing  up  the  mouth 

of  the  Colorado  have  ever  been  important  factors  in  the  formation  of  the 

t  

♦"Reconnaissance  of  the  Colorado  Desert  Mining:  District."     Stephen  Bowers, 
Ph.  D.     Sacramento,  Cal.,  1907. 
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Delta.  Ordinary  tides  rise  15  feet  and  in  extraordinary  cases  37  feet* 
According  to  the  U.  S.  Geological  Survey  the  tidal  range  is  from  14  to  32 
feet. 


II.    DELTA  OF  THE  COLORADO. 

Up  to  the  year  1853,  and  even  later,  the  delta  of  the  Colorado  was  a 
comparatively  unknown  land.  The  wanderings  of  the  river  below  the  mouth 
of  the  Gila  had  scarcely  been  followed  and  recorded.  A  few  daring  adven- 
turers had  floated  down  the  stream  with  the  current  between  the  low  banks 
overgrown  by  willows  and  cottonwoods,  but  had  not  returned  to  tell  of  their 
adventures  or  of  the  nature  of  the  country.  There  had  also  been  some 
freighting  by  steam  boats  from  Yuma  to  the  head  of  the  gulf.  We  now 
realize  that  the  delta  has  immense  value  for  agriculture  and  settlement. 

Extent. 

This  broad  region  lies  approximately  between  the  parallels  32**  and  33* 
N.  and  the  meridian  114*  30'  and  115*.  It  is  partly  north  of  the  International 
Boundary  Line  between  the  United  States  and  Mexico,  and  in. larger  part, 
south  of  the  line.  Its  area,  including  the  Pattie  Basin  and  the  Cocopah 
Mountains,  is  approximately  6000  square  miles.  It  practically  extends  from 
the  mouth  of  the  Gila  River  at  Yuma  westward  to  the  rocky  walls  of  the 
peninsula  mountains,  and  south  to  the  tide  water  of  the  gulf,  while  on  the 
north  it  blends  with  the  depressed  area  below  the  sea  level,  from  which  the 
ocean  has  been  cut  off  by  the  deposits  of  the  stream.  The  gravelly,  sandy 
slopes  of  the  mountains  of  Sonora,  Mexico,  form  its  boundary  on  the  east. 
Its  general  deltoid  form  is  shown  upon  the  map  (Fig.  4,  on  page  1219),  which 
represents  the  course  of  the  main  stream  and  the  principal  branches,  sloughs 
and  channels.  The  river  formerly  flowed  in  a  much  more  direct  channel  than 
now  from  the  mouth  of  the  Gila  southward  to  the  gulf,  traces  of  which 
remain  and  are  shown  as  a  chain  of  shallow  lakes,  which  fill  at  high  water. 
This  old  channel  lies  east  of  the  sandy  mesa  and  connects  with  two  sloughs 
at  the  head  of  the  gulf — the  Santa  Clara  Slough  and  the  Shipyard  Slough. 

The  principal  channels  are  the  Alamo,  New  River,  Paredones,  Pescadero, 

Abejas  and  Santa  Clara.    Some  of  these  channels  are  filled  with  water  only 

at  times  of  high  water  or  flood  in  the  Colorado.    A  continuation  of  Hardy's 

Colorado  and  New  River,  so  named  from  its  unexpected  appearance  flowing 

into  the  desert  in  the  year  1849,  takes  its  rise  in  Volcano  Lake,,  at  the  northern 

♦Report  upon  the  Colorado  River  of  the  West,  explored  in  1857  and  1858  by 
Lieut.  J.  C.  Ives.     Sen.  Doc.  36th  Cong.,  1st  Sess.,  Washington,  1861,  p.  28. 
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base  of  the  Cocopah  Mountains  and  flows  northwestward  to  the  depressed 
area,  the  Salton  Sink,  north  of  the  boundary  line,  passing  by  the  towns  of 
Mexicali  and  Calexico.  Volcano  Lake  receives  its  supply  at  high  water 
from  the  Hardy  overbank  flow  which  collects  in  the  Paredones  and  Pesca- 
dero  channels. 

The  delta  has  a  great  northwestern  extension  from  Mexicali  and  Calexico 
on  the  Boundary  Line  and  properly  includes  the  great  Cahuilla  Valley  in  San 
Diego  County  and.  the  Colorado  Desert,  now  partly  submerged  in  Salton  Sea. 

The  Cocopah  Mountains,  extending  in  a  northwest  and  southwest  direc- 
tion, rise  island-like  in  the  midst  of  the  lower  portion  of  the  delta  and  divide 
it  into  two  parts  south  of  the  International  Boundary.  .There  is  thus  a 
second  and  .approximately  parallel  valley  on  the  southwestern  side  of  the 
Cocopahs  in  which  there  are  low  and  partly  submerged  lands  and  saline 
lakes.  This  last  is  a  comparatively  unknown  region  and  has  not  been  sur- 
veyed, but  it  is  properly  a  part  of  the  Colorado  Delta  supplied  with  water 
in  seasons  of  flood. 

The  Lower  Delta — Modern  Explorations. 

Our  knowledge  of  the  extent  and  form  of  the  lower  part  of  the  Colorado 
Delta,  especially  of  the  region  west  of  the  Cocopah  Mountains,  has  of  late 
years  been  greatly  increased  through  the  explorations  of  Messrs.  Sykes, 
MacDougal  and  others. 

Mr.  Isaac  E.  James,  Civil  Engineer  and  Surveyor  (better  known  to  the 
pioneers  of  the  Comstock  Lode  in  Nevada  in  the  Sixties  and  to  those  also  of 
Tombstone,  Ariz.,  in  1882,  as  "Ike  James"),  when  active  operations  ceased 
at  Tombstone  about  1884,  became  interested  in  the  topography  of  the  Lower 
Colorado  and  gave  the  writer  some  manuscript  data,  from  which  the  follow- 
ing are  taken : 

A  branch  from,  the  main  stream  of  the  Colorado  enters  Lake  Chapman 
.(apparently  same  as  Volcano  Lake)  from  which  the  water  flows  into  the 
•Ne>y  River  or  into  the  Hardy's  Colorado.  A  broad  area  of  land  was  found 
opposite  Montague's  Island  extending  over  20  miles  on  a  dead  level  11  feet 
above  tide,  but  at  times  overflowed.  The  volcanic  cone  now  known  as  Cerro 
Prieto,  was  called  Mt.  Purdy,  and  the  mouth  of  New  River  was  reported 
south  of  it.  The  water  entered  by  a  number  of  channels  and  formed  a  lake 
10  to  15  miles  long.  When  the  lake  is  full,  it  overflows  the  37-foot  summit, 
separating  the  lake  from  the  tide  water  through  the  New  River. 

Mr.  Godfry^  Sykes,  Civil  Engineer,  published  a  map  of  the  Delta  of  the 
Colorado  in   1905  and  again  in   1906,  in  connection  with  the  paper  on  the 
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Delta  of  the  Rio  Colorado,  contributed  by  Dr.  Daniel  Trembly  MacDougal  to 
the  New  Botanical  Garden.  This  map  exhibits  the  principal  streams  and 
channels  south  of  the  International  Boundary  Line,  the  Cocopah  Mountains, 
and  the  Basin  of  the  Laguna  Maquata. 

Messrs.  Sykes  and  MacLean,  in  the  year  1890,  planned  an  expedition 
around  the  world  in  a  small  sloop,  from  the  head  of  the  delta,  but  their  boat 
was  destroyed  by  fire  on  the  eastern  coast  of  Lower  California  and  the  voyage 
was  abandoned.  A  march  of  some  three  hundred  miles  through  the  desert 
region  was  successfully  made,  the  explorers  living  on  oysters  from  the  gulf 
shores  and  the  water  from  hot  salt  springs. 

The  region  of  the  lower  delta  and  the  Cocopah  Mountains  was  visited  by 
Dr.  D.  T.  MacDougal  and  party  of  the  Carnegie  Institute,  Division  of 
Botanical  Research,  in  1907.    Dr.  MacDougal  writes:* 

"The  information  obtained  by  our  various  examinations  of  the  region 
shows  that  the  area  to  be  included  in  the  delta  is  much  more  extensive  than 
ordinarily  supposed.  In  addition  to  the  alluvial  lands  near  and  below  Yuma, 
extending  to  the  mouth  of  the  river,  the  triangular  tract  subject  to  overflow 
east  of  the  mouth,  including  the  channel  of  the  Santa  Clara  Slough  and  ex- 
tending as  far  south  in  Sonora  as  31**  45'  N.,  is  an  integral  part  of  the  land 
made  by  the  river.  The  Salton  Basin,  curving  around  from  below  the  mouth 
of  the  Hardy  up  to  near  the  International  Boundary,  and  also  the  alluvial 
plain  on  the  western  shore  of  the  gulf  as  far  south  as  31"  15'  N.,  are  to  be 
included. 

"This  plain  has  not  previously  been  considered  as  a  portion  of  the  Delta, 
but  it  is  made  up  of  river  deposits,  is  traversed  by  flood  channels  which 
leave  the  Hardy,  near  its  junction  with  the  Colorado,  and  much  of  the  surface 
bears  drift  brought  down  from  the  upper  course  of  the  river." 

The  Pattie  Basin. 

As  one  of  the  results  of  these  explorations  in  1906-1907,  the  extended 
region  west  of  the  Cocopah  Mountains  was  made  better  known.  In  a  com- 
munication by  Dr.  MacDougal  to  the  American  Geographical  Societyt  we 
read : 

"A  second  depressed  basin  formerly  connected  with  the  gulf,  lies  to  the 
south  of  the  Saitoh  across  the  International  Boundary  Line  between  the 
Cocopah  Mountains  and  the  main  ranges  of  the  Peninsula  of  California.  But 
little  systematic  information  upon  it  may  be  found,  although  an  intermittent 
Salt  Lake  in  it  has  long  been  known  under  the  name  of  'Laguna  Maquata.' " 

It  is  shown  by  Dr.  MacDougal  that  this  basin  is  an  ancient  arm  of  the 

gulf  from  which  it  has  recently  been  cut  off,  and  that  it  now,  like  the  Salton, 

♦"The  Desert  Basins  of  the  Colorado  Delta,"  by  D.   T.   MacDougal,   In   the 
Bui.  Amer.  Geog.  Soc,  vol.  39,  No.  12,  pp.  705-729. 
tlbid,  p.  716. 
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is  an  integral  part  of  the  delta.  The  lake  within  it  is  refilled  at  intervals 
oftener  than  the  Salton,  and  at  times  the  bottom  of  the  basin  is  left  bare. 
Dr.  MacDougal  regards  it  as  repeating  the  history  of  the  Salton  as  it  was  a 
few  thousand  years  ago. 

This  basin  west  of  the  Cocopah  range  was  named  the  Pattie  Basin  in 
recognition  of  the  first  recorded  visit  to  the  place  by  the  Patties,  father  and 
son,  with  their  party  in  1828. 

From  the  personal  narrative  of  J.  O.  Pattie,  1905,  it  appears  that  this 
party  of  trappers  descended  the  Colorado  from  Yuma  in  an  effort  to  reach 
the  Spanish  settlements  to  the  southwest,  and  after  struggling  with  the  floods 
and  tides  at  the  mouth,  they  cached  their  stores  of  furs  and  started  westward 
from  the  main  channel  through  the  mesquite  jungles  of  the  delta  and 
crossed  over  the  Cocopah  Mountains,  probably  at  some  pass  in  the  Sulphur 
Mine  Range,  the  lower  central  series  of  ridges,  and  then  traversed  the  Basin 
by  a  two  days*  march  to  Palomar  Canyon,  or  Agua  Caliente,  which  descends 
from  the  peninsula  range.  They  reached  the  Mission  of  Santa  Catrina 
where  they  were  taken  prisoners  and  sent  to  San  Diego. 

Laguna  Maquata. 

This  sheet  of  water  in  the  Pattie  Basin  holds  a  relation  to  it  similar  to 
that  of  the  Salton  Sea  to  Cahuilla  Valley.  Its  extent  is  variable.  The  winter 
floods  of  1905-1906  filled  it  to  a  high  level.  Ordinarily  the  accumulated 
water  forms  a  lake  about  forty  miles  in  length  and  twenty  in  width,  extending 
from  the  Cocopah  Mountains  on  the  east  to  the  base  of  the  main  range  on 
the  west.  It  is  known  to  the  Indians  as  Laguna  Maquata,  and  to  the  Mexi- 
cans, as  Laguna  Salada. 

Of  this  lake  and  the  adjoining  Cocopah  Mountains,  C.  R.  Orcutt  writes:* 

"Just  south  of  the  United  States  boundary  line,  a  barren  range  of  rugged 
hills  extends  southward,  toward  the  Gulf  of  California;  this  is  the  Cocopah 
Range  in  which  valuable  mineral  deposits  are  known  to  exist.  The  most 
northern  of  the  range  is  distinguished  by  the  name  of  Signal  Mountain,  from 
the  top  of  which  the  Cocopah  Indian  lighted  his  signal  fires. 

"To  the  west  of  Signal  Mountain  there  lies  the  bed  of  an  almost  mythical 

lake — the  Laguna   Maquata,  whose   waters  are   invariably  described   on  the 

Mexican  maps  as  muy  salada   (very  salt).     Very  little   reliable  information 

concerning  this  region  is  obtainable.     In  1884  the  Laguna  is  known  to  have 

been  a  very  respectable  body  of  water  from  the  outflow  of  the  Colorado  in 

that  year,  which  was  divided  between  the  New  River  and  the  Laguna  Maquata 

district.    Thousands  of  fish  are  said  to  have  sported  in  its  depth,  many  of  the 

•"The  Colorado  Desert."     In  the  Tenth  Report  State  Mineralogist  of  Cali- 
fornia, Sacramento,  Cal.,  1890,  p.  914. 
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fish  exceeding  two  feet  in  length.  In  February,  1890,  this  extensive  lagoon 
was  as  dry  as  the  surrounding  country  with  only  a  small  pool  of  brackish  or 
salt  water  at  its  point  of  lowest  depression  connected  with  other  small  pools 
to  the  southward  by  muddy  and  unapproachable  sloughs.  Along  the  banks 
of  this  defunct  lake  were  numerous  remains  of  the  unfortunate  fish — all  that 
the  hungry  coyote  had  spared." 

Immense  quantities  of  fish  bones  were  observed  along  the  beaches  of 
Maquata  by  Dr.  MacDougal  and  his  party  in  February,  1907.  Near  the 
upper  edge  of  the  bank  of  salty  mud  was  a  windrow  of  remains  of  fish  which 
appeared  to  be  carp,  according  to  an  examination  by  Herbert  Brown,  of  the 
party.  This  row  of  dead  fish  was  seen  to  extend  for  about  fifteen  miles, 
and  may  have  been  double  that  length.* 

Mention  of  heaps  of  fish  is  also  made  in  the  Diary  of  Father  Garcest 
who  made  five  trips  iftto  this  region  1774-1776.    He  wrote: 

"Thus  I  perceive  that  at  the  time  of  the  great  risings  of  the  river,  the 
water  can  very  well  overflow  this  valley  or  strand  that  there  is  between  the 
two  sierras  of  the  Santa  Barbara  (Cocopah  Mountains)  and  of  San  Geronimo 
(the  main  range  south  and  west  of  the  Cocopah  Mountains)  as  far  as  the 
place  where  the  first  expedition  (of  1774)  found  stranded  that  heap  of  fish  of 
which  is  made  mention  in  the  diary." 

The  Diary  has  not  been  accessible,  but  this  last  paragraph  indicates  that  a 
passage  had  been  made  through  the  Pattie  Basin,  when  the  water  in  the 
Laguna  was  at  a  low  stage,  and  that  remains  of  fish  similar  to  those  men- 
tioned above,  were  found. 

It  is  to  be  noted  that  the  unfamiliarity  of  the  editor  of  Garces*  Diary  with 
the  features  of  the  lower  delta,  has  led  him  to  persistently  deny  the  correct- 
ness of  the  position  given  by  the  Spanish  pioneer.  Garces'  route  may  be 
traced  with  ease  on  the  map  to  a  point  as  far  south  as  Antelope  Slough, 
where,  finding  only  bare  flats  and  no  drinkable  water,  he  turned  north. 

The  Trails  Westward. 

Dr.  MacDougal,  in  his  memoir  on  "The  Desert  Basins  of  the  Colorado 

Deltaj"t  further  observes: 

"The  Cocopah  Indians  who  have  inhabited  the  lower  part  of  the  delta 
about  the  mouth  of  the  Hardy  for  some  time,  singularly  enough,  hold  the 
closest  communication  and  intermarry  with  the  tribes  inhabiting  the  moun- 
tains to  the  westward  of  the  basin.  Two  main  trails  are  used.  One  'crosses 
the  Cocopah  Mountains  in  the  vicinity  of  the  Borrego  Peak,  going  up  from  the 
delta  through  a  long  canyon  heading  toward  the  southwest.     Agua  de  las 

♦Bui.  Amer.  Geogr.  Soc,  vol.  39,  p.  724. 

t**On    the   Trail   of   a    Spanish    Pioneer;    Diary   and    Itinerary   of    Francisco 
Garc6s,"  by  Elliott  Coues,  F.  P.  Harper,  New  York,  1900.     I;  p.  194. 
tibid.  p.  724. 
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Palmas  is  the  first  watering  place,  and  this  spring  is  reputed  to  be  named 
from  the  group  of  palms  which  surround  it,  probably  the  only  plants  of  this 
kind  in  the  whole  range,  although  Barrows  mistakenly  ascribes  to  them  a  wide 
distribution  in  this  region  (National  Geog.  Magazine,  11,  347,  1900).  The 
main  ridge  is  crossed  through  a  low  pass,  and  then  the  way  leads  through 
granite,  volcanic  and  clay  ridges,  to  where  among  the  bad  lands  a  seepage  in 
a  sand  wash,  known  as  Agua  de  las  Mujeres,  furnishes  a  small  but  unfailing 
supply.  From  here  a  blind  trail  leads,  straight  as  may  be,  due  west  across 
the  valley  to  the  mouth  of  the  Palomar  Canyon,  up  which,  at  a  distance  of 
about  three  miles,  running  water  and  the  grateful  shade  of  groves  of  palms 
may  be  encountered.  This  has  long  been  a  favorite  camp  and  meeting  place 
of  the  Indians,  and  one  of  the  attractions  of  the  place  is  the  agave,  growing 
on  the  slopes,  from  which  mescal  is  baked  and  brewed. 

"The  trail  from  Agua  de  las  Mujeres  to  Palomar  Canyon  passes  to  the 
.<iOUth  oi  the  Laguna  Maquata  and  makes  a  distance  of  about  thirty  miles 
across  a  desert  plain." 

Value  of  Delta  Lands  for  Agriculture. 

The  alluvions  of  the  Colorado  wherever  deposited  are  known  to  be 
extremely  fertile  and  valuable  for  agriculture.  The  delta  has  thus  attracted 
great  attention  and  is  now  being  rapidly  reclaimed  for  agriculture  and  settle- 
ment. It  is  reached  by  the  main  line  of  the  Southern  Pacific  Railway  and  by 
a  branch  from  it  at  Imperial  Junction  (Old  Beach)  to  Imperial  and  Calexico. 

The  Coachella  Valley  (North  Imperial)  is  now  attracting  the  attention  of 
settlers.  The  village  and  postoffice  is  on  the  railway  between  Mecca  and 
Indio.  This  name  according  to  James,*  is  a  corruption,  or  a  modified  form, 
of  the  Spanish  word.    He  writes : 


-  «' 


This  is  the  world-famed  Coachella  Valley,  yet  the  name  is  a  misnomer. 
It  was  originally  Conchilla,  and  is  so  named  on  the  maps  of  the  United  States 
Geographical  Survey.  Conchilla  means  little  shells  and  the  name  was  given 
in  early  days  from  the  fact  that  the  whole  valley  of  the  Salton  from  the 
Mexican  line  as  far  north  as  Indio  is  covered  with  tiny  fresh  water  shells." 

Climate. 

The  climate  is  one  of  great  heat,  low  humidity,  long  summers,  and  very 
sudden  and  large  changes.  Moderate  winds  blow  most  of  the  time  in  hot 
weather  and  these,  together  with  the  unusually  low  humidity,  materially 
temper  the  effect  of  the  high  temperatures.  With  but  few  exceptions 
throughout  the  year,  the  nights  are  comfortably  cool,  the  small  amount  of 
moisture  in  the  atmosphere  resulting  in  rapid  heating  of  the  air  at  sunrise 
and  cooling  off  at  sunset. 

♦Ibid,  p.  5. 
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In  the  spring  and  early  summer  winds  from  the  west  and  south  often 
attain  high  velocity  for  from  one  to  a  maximum  of  four  days.  They  are 
rarely  severe  enough  to  do  other  damage  than  become  disagreeable  d^st 
storms. 

The  United  States  Weather  Bureau  has  had  meteorological  observations 
made  in  Yuma,  Ariz.,  and  Indio,  Cal.,  for  many  years,  in  Imperial  since  1901, 
and  in  Calexico  and  in  Brawley  for  a  portion  of  this  latter  period.  On  a 
few  occasions  temperatures  of  125°  have  been  reached,  but  the  average 
yearly  maximum  is  between  115°  and  120°.  The  winters  are  mild  and  ex- 
ceptionally fine,  the  minimum  tempefature  rarely  falling  below  the  freezing 
point  and  with  an  absolute  minimum  temperature  of  about  18°. 

Precipitation  is  very  small  and  varies  greatly  from  year  to  year  as  in  all 
other  extremely  arid  countries.  The  average  annual  rainfall  at  Yuma  and  at 
Indio  is  a  little  less  than  three  inches  and  probably  about  the  same  amount 
in  the  Imperial  Valley,  although  the  records  for  the  past  six  years  at  Imperial 
indicate  a  larger  amount. 

With  such  a  climate  the  absolute  necessity  of  irrigation  for  agriculture 
is  obvious,  and  until  the  desert  was  reclaimed  no  human  beings  could  live 
therein,  and  very  few  had  the  hardihood  to  even  traverse  it. 

Wozencraft's  Project  of  Reclamation. 

In  the  year  1853-1859  Dr.  O.  M.  Wozencraft  of  San  Francisco,  aroused  by 
the  report  of  the  fertility  of  'the  soil  of  the  desert  and  the  possibility  of 
irrigating  the  land  by  canals  from  the  Colorado  River,  endeavored  to  enlist 
capital  in  a  scheme  for  the  reclamation  of  the  Colorado  Desert. 

Wozencraft  was  probably  the  first  to  fully  appreciate  the  importance  of 
the  delta  lands  of  the  Colorado  to  agriculture  and  settlement.  He  was  so 
much  impressed  by  the  description  of  the  ancient  lake  and  the  evidences  of 
the  fertility  of  its  deposits  wherever  water  could  be  applied,  that  he  devoted 
himself  to  the  advancement  of  a  project  for  their  reclamation.  Stimulated  by 
his  enthusiasm  the  Legislature  of  California,  in  1859,  adopted  a  memorial  to 
Congress  asking  a  cession  of  3,000,000  acres  of  the  desert  land  in  the  south- 
eastern part  of  California,  to  the  State  of  California,  for  reclamation  by 
irrigation.  This  application  was  favorably  acted  upon  by  the  Committee  in 
the  House  of  Representatives  in  1862,  but  the  bill  reported  failed  to  pass. 

Mr.  Grunsky*  says : 

"It  is  of  interest,  however,  in  connection  with  this  application  for  acces- 
sion of  land,  to  learn  from  the  testimony  of  Dr.  Wozencraft,  that  the  lands 

♦Trans.  Am.  Soc.  Civil  Engineers,  voL  LIX,  p.  18. 
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of  the  Colorado  Desert  were  to  be  reclaimed  by  irrigation;  and  that  his 
engineer,  Mr.  Ebenezer  Hadley,  County  Surveyor  of  San  Diego  County,  in 
reporting  on  this  project,  recommended  a  canal  location  which  was  practically 
identical  with  that  actually  adopted  40  years  later. 

"Mr.  Hadley  said,  among  other  things,  that  irrigation  was  practicable, 
as  water  from  the  Colorado  flows  there  now.  He  stated  that  he  had  found 
by  actual  survey,  that  there  was  a  fall  of  5  feet  per  mile  available  along  the 
proposed  canal  route.  He  called  attention  to  the  necessity  of  carrying  water 
through  Mexican  Territory.  He  proposed  a  canal  25  feet  wide  and  10  feet 
deep,  which  was  to  tap  the  river  at  the  point  of  rocks  adjoining  Pilot  Knob 
and  immediately  above  the  International  Boundary  line." 

At  various  times  proposals  have  been  made  to  fill  the  Salton  Sea  with 
water  from  the  Colorado  River  or  from  the  gulf  with  the  view  to  fundament- 
ally changing  climatic  conditions,  particularly  increasing  the  rainfall  through- 
out the  territory.  In  particular.  Dr.  J.  P.  Widney,  an  army  surgeon,  pub- 
lished some  articles  in  the  Overland  Monthly  urging  the  flooding  of  this  sea, 
the  first  of  these  contributions  appearing  in  1873.  None  of  these  proposals 
were  given  very  serious  consideration. 

Later  Irrigation  Suggestions. 

In  the  years  1875  and  1876  an  examination  was  made  under  the  direction 
of  Lieut.  George  M.  Wheeler  to  determine  the  feasibility  of  taking  water  from 
the  Colorado  River  anywhere  between  the  Grand  Canyon  and  the  Inter- 
national Boundary  Line  for  the  irrigation  of  lands  in  California.  Lieut.  Eric 
Bergland  had  immediate  charge  of  this  work  and  presented  an  adverse 
report,  stating  that  a  canal  from  some  point  below  the  International  Boundary 
Line  would  be  less  expensive  and  more  practicable  in  every  way.  He  sug- 
gested the  possibility  of  utilizing  one  of  the  branches  of  the  New  River 
(doubtless  what  is  now  called  the  Alamo)  from  where  it  leaves  the  Colorado 
near  Algodones,  for  conveying  water  to  the  Imperial  Valley  proper.  In  order 
to  avoid  the  sandhills  he  thought  the  canal  should  be  as  far  south  as  Seven 
Wells  in  Mexico  and  then  bear  toward  the  northwest.  He  considered  the 
amount  of  excavation  required  to  construct  such  canal  as  moderate  since  "the 
water  flows  into  this  area  from  the  river  when  it  overflows  its  banks." 

Almost  at  the  same  time  a  partnership  was  formed  between  Mr.  Thomas 
Blythe,  a  capitalist  of  San  Francisco,  and  General  Guillermo  Andrade  for  the 
irrigation  of  the  latter  gentleman's  immense  land  holdings  in  Lower  California. 
This  partnership  did  not  have  any  definite  result  other  than  to  involve  the 
title  of  Gen.  Andrade's  estate  to  a  certain  portion  of  the  land  in  later  years. 
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III,    LAKE  CAHUILLA. 

Origin  of  Lake. 

The  head  of  the  gulf  being  cut  off  by  the  Delta  from  the  free  access 
to  the  sea,  became  an  inland  lake  of  salt  water,  or  at  least  of  brackish  water, 
with  the  great  Colorado  River  at  certain  seasons  and  stages  of  flood  flowing 
into  it.  This  stream  then,  as  now,  was  laden  with  the  rich  alluvial  earths  of 
its  upper  course,  torn  from  the  ravines  and  canyons  of  the  Rocky  Mountains 
and  the  Grand  Canyon  of  Arizona.  This  influx  of  river  water,  though  variable 
in  duration  and  quantity,  must  have  exceeded  the  loss  by  evaporation.  Con- 
sequently the  level  of  the  lake  was  raised  until  the  excess  overflowed  to  the 
gulf  by  a  lower  outlet. 

Antiquity. 

That  such  conditions  continued  for  centuries  appears  certain,  for  the 
enormous  accumulations  of  sediment  within  the  old  beach  lines  tells  the 
story  of  long  continued  lacustrine  conditions;  of  the  displacement  of  the  sea 
water,  and  of  the  final  occupation  of  the  valley  by  fresh  water.  This  is 
shown  to  us  by  the  fresh-water  shells,  not  only  on  the  surface  but  in  the  blue 
clay  sediments ;  in  the  banks  of  ravines  and  arroyos,  and  in  the  deep  boring^ 
for  water — showing  that  the  shells  dropped  to  the  bottom  and  were  thus 
entombed.  These  fresh-water  shells  are  so  abundant  in  the  lacustrine  clay 
of  the  desert,  especially  at  the  northern  end,  that  they  accumulate  in  windrows 
before  the  wind.  The  thin  pearly  shells  of  dnodonta  are  common  in  the  clay 
about  Indio.  Four  or  five  species  of  uni-valves,  new  to  science,  were  col- 
lected in  1853. 

The  long  continued  existence  of  such  a  lake  is  shown,  not  only  by  the 
fossil  shells,  but  by  the  ancient  shore  lines  and  beaches  as  fresh  as  if  recently 
left  by  retiring  waters.  These  are  especially  vivid  and  convincing  north  of 
the  Delta,  where  they  are  visible  for  miles. 

At  an  outlying  mass  of  rocks  at  the  base  of  the  main  ridges  of  the 
Peninsula  or  San  Jacinto  Mountains,  a  deposit  of  travertine  marks  the 
former  height  of  the  water  by  a  thick  incrustation,  covering  the  granite 
boulders  from  view.  The  foundation  rock  must  have  been  a  small  islet  of 
granite  projecting  above  the  waves  of  Lake  Cahuilla.  It  is  now  known  as 
Travertine  Point  and  its  base  was  nearly  reached  by  the  rising  waters  of  the 
Salton  Sea  in  1907. 

Identification  and  Description. 

The  former  lake,  the  shores  of  which  are  recorded  on  the  rocks  and 
slopes  of  the  Cahuilla  Valley  north  of  the  Delta  had  an  area  of  approximately 
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2100  miles.  It  was  110  miles  long  and  about  34  miles  wide.  It  was  first 
identified  and  described  by  me  in  1853,  in  a  communication  to  the  San 
Francisco  Commercial  Advertiser,  edited  by  J.  D.  Whelpley,  in  the  winter  of 
1853-54,  and  later  in  the  ''Reports  of  Exploration  and  Surveys  for  a  Railroad 
Route  from  the  Mississippi  River  to  the  Pacific  Ocean,"  vol.  V.,  and  in  the 
appended  report,  "Geological  Reconnoissance  in  California,"  1855.*  Its 
boundaries  were  then  approximately  shown  and  its  origin  explained.  I  have 
named  it  La  Cahuilla  from  the  name  of  the  valley  and  of  the  Indian  tribe. 

The  Desert  Revisited. 

By  the  courteous  invitation  of  Dr.  MacDougal,  I  had  the  pleasure  of 
revisiting  this  place  in  the  month  of  May,  1906.  Crossing  the  valley  from 
Mecca,  on  the  Southern  Pacific  Railway,  we  visited  the  then  rising  Salton 
Sea,  skirting  it  to  Travertine  Point  which  I  again  ascended  half  a  century 
after  its  discovery  and  description  in  1853.  The  old  water-lines  and  beaches 
were  comparatively  unchanged  in  appearance.  Concentric  lines  of  sparse 
vegetation  marked  where  the  waters  had  stood  centuries  before.  Looking  out 
from  the  summit  across  the  Salton  Sea  it  was  difHcult  to  realize  that  the 
old  traveled  trail  across  the  desert  lay  ten  fathoms  deep  under  water, 
where  before  not  a  drop  could  be  found. 

The  name  "Salton  Sea"  is  appropriately  applied  to  the  recent  inflow 
and  partial  inundation  of  the  valley  covering  the  salt  beds  at  Salton,  but 
the  ancient  lake  in  its  entirety  requires  a  distinctive  name.  If  any  precedent 
is  needed  for  naming  an  ancient  lake  which  has  disappeared,  it  is  found  in 
the  naming  of  the  old  lake  in  Utah  by  Clarence  King  as  Lake  Bonneville. 
Lahontan  is  another  example.  The  Great  Salt  Lake  of  Utah  is  the  residual 
lake  of  Lake  Bonneville  much  as  the  Salton  Sea  is  the  residual  lake  of  Lake 
Cahuilla.  Lake  Cahuilla  occupied  the  northwestern  end  of  the  basin  of  the 
California  GulfrTrthat  portion,  cut  off  from  the  sea  by  the  delta  deposits. 

The  northwestern  part  of  the  valley  is  also  known  as  the  Cabezon  or 
Cahuilla  Valley,  so  named  from  the  Cahuilla  Indians  who  have  inhabited 
the  oases  and  tillable  fringes  of  the  desert  from  time  immemorial.  There  is 
a  difference  of  opinion  regarding  the  proper  orthography  of  this  name.  It 
is  ably  discussed  by  Dr.  David  Prescott  Barrows  in  "The  Ethno^Botany  of 
the  Cahuilla  Indians  of  Southern  California."!     He  writes: 

"A  word  should  be  said  as  to  the  pronunciation  and  spelling  of  the  tribal 

name,  Coahuilla.    The  word  is  Indian,  and  the  tribesmen  own  designation  for 

♦This  appended  report  wajs  republished  as  "Report  of  a  Geologrlcal  Reconnais- 
sance In  California,"  by  W.  P.  Blake.    H.  Bailliere,  New  Tork  and  London,  1858. 

fDissertation  for  degrree  of  Ph.  D.,  University  of  Chicago  Press,  1900. 
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themselves  and  means  'master*  or  'ruling  people.*  There  is  some  slight  varia- 
tion in  its  pronunciation,  but  the  most  usual  isf  probably,  Kow-wee-yah,  accent 
on  the  second  syllable.  The  spelling  has  been  various.  That  used  by  the 
early  writers  and  correct  according  to  the  value  accorded  to  "U**  in  Spanish- 
American,  is  that  adopted  here — Coa-hui-lla.** 

The  writer,  in  the  year  1853,  when  passing  through  "Ka-wee-yah"  or 
the  Four  Creek  Country  in  California,  with  Lieut.  Williamson,  in  the  en- 
deavor to  conform  phonetically  to  the  Indian  name  wrote  it  "Cohuilla,"  and 
sometimes  "Cahuilla.**  This  last  form  seems  to  have  been  more  generally 
accepted  and  is  preferred  to  Cohuilla,  Coahuilla,  or  any  other. 

Desiccation  of  Lake  Cahuilla. 

With  our  present  knowledge  of  the  delta  deposits  of  the  Colorado,  the 
varying  phases  of  the  stream,  the  lightness  and  depth  of  its  deposits  of  silt, 
its  quicksands,  its  shifting  channels  and  uncontrollable  ways,  it  is  easy  to 
realize  that  the  inflow  to  Lake  Cahuilla  must  have  been  extremely  variable 
and  uncertain.  We  can  realize  that  under  favorable  conditions  the  whole 
volume  of  the  Colorado  may  have  been  diverted  alternately  to  the  Lake  and 
to  the  gulf,  and  that  long  intervals  of  drought  accompanied  by  drying  up 
were  often  experienced. 

Writing  upon  the  subject  in  1853,  attention  was  directed  by  the  writer* 
to  the  traditions  of  the  Cahuilla  Indians  as  follows: 

"The  explanation  of  the  formation  of  the  lake  and  its  disappearance  by 
evaporation  which  has  been  presented,  agrees  with  the  traditions  of  the 
Indians.  Their  statement  that  the  waters  retired  poco-a-poco  (little  by  little) 
is  connected  with  the  gradual  subsidence  due  to  evaporation,  and  the  sudden 
floods  of  which  they  speak,  undoubtedly  took  place.  It  is  probable  that  the 
lake  was  long  subject  to  great  floods  produced  either  by  overflows  of  the 
river  at  seasons  of  freshets,  or  by  a  change  in  its  channel,  or  by  a  great 
freshet  combined  with  a  very  high  tide,  so  that  the  river  became,  as  it  were, 
dammed  up  and  raised  to  an  unusual  height.  The  present  overflows,  though 
comparatively  slight,  are  probably  similar,  and  yet  it  is  possible  that  the 
interior  of  the  desert  might  be  deluged  at  the  present  day,  provided  no  eleva- 
tion of  the  land  has  taken  place  and  that  the  river  should  remain  at  a  great 
height  for  a  long  time — ^long  enough  to  cause  the  excavation  of  a  deep  channel 
for  New  River." 

S ALTON  Sea. 

This  is  precisely  what  has  recently  happened  by  the  cutting  of  irriga- 
tion canals,  and  by  the  uncontrolled  flow  of  the  Colorado  River,  deep  and 
destructive  channels  were  cut,  a  partial  flooding  of  the  desert  followed,  and 

♦Report  "Geologrical  Reconnaissance  In  California,"  Govt.  Print,  1855,  p.  233, 
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the  **Salton  Sea"  was  formed.  The  body  of  water  which  so  recently  threat- 
ened the  restoration  of  the  former  lake  conditions  in  the  month  of  February, 
1907,  had  attained  a  length  of  45  miles,  a  maximum  breadth  of  17  miles  and 
a  total  area  of  410  square  miles  with  a  maximum  depth  of  83  feet.  It 
extended  from  Imperial  Junction  nearly  to  Mecca  Station.  It  submerged 
railway  stations  and  necessitated  the  removal  of  the  tracks  of  the  Southern 
Pacific  for  67  miles  to  a  higher  and  more  northern  bed.  By  the  great  an^ 
masterful  exertions  of  the  engineers  in  charge,  seconded  and  supported  by 
the  Southern  Pacific  Railroad,  the  destroying  deluge  was  stopped  in  the 
mouth  of  February,  1907,  and  the  gradual  disappearance  of  the  Salton  Sea, 
by  evaporation,  commenced  and  is  now  in  progress.  In  this  we  have  im- 
mediately before  us  a  practical  exhibition  of  what  must  have  happened  many 
times  before. 

Evidently  in  the  case  of  the  ancient  Lake  Cahuilla,  with  the  loss  of  the 
supply  of  water  from  the  Colorado,  the  lake  disappeared  by  evaporation. 
The  conditions  for  this  were  extremely  favorable.  Of  the  rate  of  evapora- 
tion and  the  time  required  for  the  complete  desiccation  of  the  valley,  we 
have  no  direct  evidence,  but  there  is  every  reason  to  accept  the  statement  of 
the  Indians  that  the  water  retired  little  by  little,  or  very  slowly,  and  no 
doubt  years  passed  before  the  lake  dried  up. 

Rate  of  Evaporation. 

Experiments  by  me  upon  the  rate  of  evaporation  in  the  Tulare  Valley, 
California,  in  1853,  indicated  one-quarter  of  an  inch  per  day,  or  between 
seven  and  eight  feet  yearly.*  Dr.  Buist  found  that  the  amount  of  evapora- 
tion from  the  surface  of  the  water  at  Aden,  on  the  Indian  Ocean,  was  about 
eight  feet  per  annum.  At  the  rate  of  eight  feet  yearly,  the  83  feet  of  water 
now  covering  the  desert,  and  known  as  the  Salton  Sea,  will  require  ten  and 
a  half  years  for  its  complete  evaporation. 

It  is  estimated  by  Mr.  H.  T.  Cory,  the  engineer  in  charge  of  rediversion 
of  the  Colorado  River  in  1906-7,  that,  if  the  iriflow  of  the  Colorado  to  the 
/  Salton  is  prevented,  the  sea  will  practically  dry  up  by  evaporation  in  about 
eighteen  years. 

The  recession  of  the  Salton  Sea  now  in  progress  aflfords  an  excellent 
opportunity  for  the  determination  of  the  rate  of  evaporation  of  such  a  body 
of  water,  and  it  is  being  availed  of  by  the  U.  S.  Geological  Survey,  which 
has  established  stations  where  the  rate  is  being  carefully  observed. 

♦Report    "Geological    Reconnaissance    California,"    p.    195,    and    Trans.    Geo. 
Society,  vol.  IX,  p.  39,  1849-50.    See  also.  Trans.  National  Institute,  Washington. 
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From  measurements  of  the  evaporation  from  a  tank  at  Calexico  by 
Mr.  J.  E.  Peck,  of  the  California  Development  Company,  the  annual  evapora- 
tion was  shown  to  be  about  6.73  feet,  as  will  be  seen  by  the  following  tabular 
report : 

Evaporation  From  a  Water  Surface  at  Calexico. 

1904  1905  1906 

Month  Inches  Inches  Inches 

January 4.39  2.72  2.57 

February 6.32  1.47  2.43 

March 8.86  4.44  5.06 

April 9.55  4.74  5.99 

May 10.91  8.38  6.84 

June 13.89  12.86  7.41 

July 12.47  10.43  6.76 

August 10.98  8.52  8.47 

September 8.61  7.83  6.73 

October 8.78  6.77  5.45 

November 5.40  3.23  3.61 

December 3.48  3.43  2.40 

Total 103.64         75.00         63.66 


IV.    COLORADO  DESERT. 
Depressed  Area. 

The  drying  up  of  Lake  Cahuilla  left  a  broad  region  at  the  head  of  the 
gulf,  a  depressed  area  below  the  sea-level,  a  trackless  waste  of  nearly  level 
land  extending,  including  the  Delta,  for  some  200  miles  northwesterly  beyond 
the  present  limits  of  tide-water  in  latitude  31°  30'  N.  approximately  80  miles 
south  of  the  mouth  of  the  Gila  River  at  Yuma  on  the  Colorado.  The  limits 
of  this  desiccated  area  are  approximately  marked  indelibly  on  the  ground 
by  the  shore-lines  and  beaches  of  Lake  Cahuilla,  extending  on  both  sides  of 
the  valley  from  near  Yuma  to  Indio  and  beyond. 

The  name  "Colorado  Desert"  was  given  to  this  region  by  the  writer  in 
1853. 

This  was  before  the  State  of  Colorado  received  its  name.  It  was 
deemed  most  appropriate  to  connect  the  name  of  the  Colorado  River  with 
the  region  inasmuch  as  the  desert  owes  its  origin  to  the  river  by  the 
deposition  of  alluvions  and  the  displacement  of  the  sea-water. 

A  tendency  is  shown  by  some  writers  to  extend  the  area  known  as 
the  Colorado  Desert  so  as  to  include  the  arid  regions  north  of  it,  especially 
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the  mountainous  region  along  the  G)lorado  and  the  Mojave,  partly  known 
today  as  the  "Mojave  Desert."  This  was  not  the  intention  or  wish  of  the 
author  of  the  name.  It  was  intended  to  apply  it  strictly  to  the  typical 
desert  area  of  the  lacustrine  clays  and  alluvial  deposits  of  the  Colorado 
where  extreme  characteristic  desert  conditions  prevail,  such  as  arid  treeless 
plains,  old  lake  beds  and  sand  hills — such  conditions  as  are  found  in  the 
Sahara  of  Africa  and  in  the  delta  regions  of  the  Nile.  The  appellation  may 
properly  be  confined  to  the  regions  reached  by  the  deposition  of  the  silt  of 
the  Colorado  whether  in  the  form  of  dekas  or  at  the  bottom  of  ancient 
lakes.  I  should  also  include  the  bordering  detrial  slopes  from  the  contiguous 
mountains.  So  restricted,  the  area  is  practically  coterminous  with  the  ancient 
beach-lines  and  terraces  of  the  lakes  which  occupied  the  valley. 

Its  area  is  estimated  at  not  less  than  2100  square  miles,  its  breadth  east 
and  west  opposite  Carrizo  Creek  about  33  miles.  Its  height  above  tide 
ranges  from  135  feet  above  sea-level  at  Yuma  to  an  average  of  42  feet 
following  the  old  shore  line  of  Cahuilla  Lake,  and  to  minus  287  feet,  now 
partly  submerged. 

Fertility  of  the  Desert  Soils. 

The  Colorado  River,  like  the  Nile,  is  a  great  fertilizer  of  the  land 
which  it  overflows.  Its  alluvions  are  easy  of  tillage  and  are  wonderfully 
productive.  The  Yuma  Indians,  after  the  subsidence  of  a  flood,  find  the  land 
ready  for  the  seed.  Walking  over  the  newly  deposited  silt,  a  hole  is  made 
in  it  by  the  great  toe  into  which  the  seed-corn  is  dropped  and  then  covered 
with  the  ball  of  the  foot.    The  corn  sprouts  and  grows  with  great  rapidity. 

The  annual  deposition  of  silt  is  constantly  raising  the  level  of  the  banks 
and  increasing  the  tillable  area.  This  process  has  been  going  on  since  the 
elevation  of  the  land  above  the  sea  and  the  foundations  of  the  delta  were 
laid.  It  is  difficult  to  satisfactorily  compute  the  quantity  of  silt  brought 
down  by  the  river  and  added  to  its  delta  every  year.  The  Arizona  Experi- 
ment Station  found  that  the  lower  Colorado  carries  35,000-acre  feet  of  silt 
annually.  In  the  year  1904  the  amount  of  silt  in  the  river  water  varied 
from  84  to  3263  parts  in  100,000  parts  by  weight.  An  acre-foot  of  the 
water  contained  an  average  of  9.62  tons  of  silt.    According  to  Tait:* 

"It  is  assumed  that  one-half  of  the  silt  in  the  water  in  the  river  is  held 
in  suspension  until  the  water  reaches  Imperial  Valley  lands.  A  field  to  which 
3-acre  feet  of  water  is  applied  receives  14.43  tons  of  silt." 


♦"Irrigation  in  Imperial  Valley,"  C.  E.   Tait,   Sen.  Doc.   246,  60th  Cong.,  1st 
Sess.,  Washington,  1908,  p.  8. 
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The  same  authority  gives  for  the  mean  annual  rate  of  discharge  of  the 
river  13,300  cubic  feet  per  second,  and  the  mean  total  discharge  9,651,000- 
acre  feet.  This  silt  has  an  acknowledged  money  value  as  a  fertilizer  of  not 
less  than  $1.11  per  acre  foot 

The  fertilizing  sediments  from  the  annual  overflow  of  the  Nile,  which 
stream  has  much  in  common  with  the  Colorado,  are  estimated  at  six  inches 
of  depth  in  a  century.  It  is  thought  that  the  bed  of  the  river  rises  four  feet 
in  1000  years.  It  is  said  that  seven  feet  in  depth  of  mud  has  accumulated 
around  the  pedestal  of  the  statue  of  Colossus,  who  lived  1430  years  before 
Christ.  The  French  estimated  the  deposit  of  Nile  Mud,  from  Essonan  to 
Cairo,  at  five  inches  per  century.  The  column  of  Rameses  II.  is  surrounded 
by  a  sediment  9  feet  4  inches  deep,  fairly  estimated.  This  monument  was 
erected  3215  years  before,  which  gives  a  rate  of  3J4  inches  per  century.  But 
there  are  similar  deposits  below  the  depth  of  30  feet,  which,  at  the  same  rate 
of  deposition,  would  require  13,500  years  to  A.  D.  1854.* 

Adaptation  to  Agriculture. 

Attention  was  early  directed  to  the  adaptation  of  the  desert  soil  to 
agriculture,  as  shown  in  the  official  report  to  the  War  Department  in  1855.t 

"The  upper  or  gravelly  plains  of  the  desert,  especially  those  in  the 
vicinity  of  the  mouth  of  the  Gila,  are  too  arid  and  wanting  in  soil  to  be  ever 
used  for  agriculture.  But  this  is  not  so  with  a  large  part  of  the  desert — the 
part  formed  by  alluvial  and  lacustrine  clay.  The  whole  of  this  clay  surface 
may  be  considered  as  capable  of  supporting  a  luxuriant  growth  of  vegetation 
provided  it  is  supplied  with  water  by  irrigation. 

"The  Cahuilla  Indians  in  the  northwestern  part  of  the  desert  raise  abun- 
dant crops  of  corn,  barley  and  vegetables  in  the  vicinity  of  the  springs  at 
their  villages.  We  also  observed  a  dam  at  the  Cahuilla  villages  on  the 
northern  margin  of  the  desert  where  we  stopped  over  night.  The  ground  was 
principally  clay,  which  by  drying  in  the  sun,  had  become  very  hard,  but  on 
being  cut  and  pulverized  by  the  passing  of  the  train,  became  dry  and  dusty 
like  dry  ashes.  On  cutting  down  into  it  for  about  twelve  inches  it  was  found 
to  be  more  sandy  and  micaceous.  It  appeared  to  be  a  rich  soil  for  wherever 
water  reached  the  surface  the  vegetation  was  abundant,  and  a  large  area  near 
the  mountains  was  covered  with  a  dense  growth  of  weeds,  the  ground  being 
moist. 

"The  vegetation  around  the  springs  was  luxuriant,  and  wherever  the  soil 
was  moistened  it  supported  either  a  growth  of  grass  or  of  rank  weeds.  The 
Indians  had  their  houses  in  the  thickly  growing  mesquite  trees  around  the 

♦Compiled  from  Draper's  "History  of  Intellectual  Development  of  Europe," 
Harper,  New  Tork,  1876,  vol.  I,  p.  87. 

i-Report  "Geological  Reconnaissance  California,"  Blake,  and  vol.  V,  "Pacific 
Railway  Reports,"  pp.  248-249. 
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springs.    A  growth  of  weeds  was  noted  over  a  wide  area  near  the  mountains, 
but  not  far  from  the  cultivated  fields." 

Sample  of  the  soil  taken  for  analysis  showed  the  presence  of  all  the 

elements  necessary  to  fertility.    It  is  added: 

"From  the  preceding  facts  it  becomes  evident  that  the  alluvial  soil  of 
the  desert  is  capable  of  sustaining  a  vigorous  vegetation.  The  only  apparent 
reason  for  its  sterility  is  the  absence  of  water,  for  wherever  it  is  kept  moist 
vegetation  springs  up." 

"If  a  supply  of  water  could  be  obtained  for  irrigation,  it  is  probable  that 
the  greater  part  of  the  desert  could  be  made  to  yield  crops  of  almost  any  kind. 
During  the  seasons  of  high  water,  or  of  the  overflow  of  the  Colorado,  there 
would  be  little  difficulty  in  irrigating  large  arreas  in  the  vicinity  of  New  River 
and  the  Lagoons." 

"By  deepening  the  channel  of  New  River,  or  cutting  a  canal  so  low  that 
the  water  of  the  Colorado  would  enter  at  all  seasons  of  the  year,  a  constant 
supply  could  be  furnished  to  the  interior  portion  of  the  desert.  It  is  indeed  a 
serious  ^question  whether  a  canal  would  not  cause  the  overflow  of  a  vast  surface 
and  refill,  to  a  certain  extent,  the  dry  valley  of  the  Ancient  Lake.  This  is 
possible  and  would  result  provided  no  change  of  level  has  taken  place  since 
the  water  dried  up"  (pp.  249-250). 

This  prophetic  suggestion  has  been  more  than  realized  after  the  lapse 

of  half  a  century. 

Vegetation  of  the  Desert. 

The  principal  plants  which  arrest  the  attention  of  the  traveler  and 
ordinary  observers  on  the  Colorado  Desert  and  are  found  in  the  oases,  or 
near  a  subterranean  water  supply,  or  at  the  desert  margins,  or  in  the  beds  of 
arroyos,  are  the  mesquite  (Prosopis  glandulosa),  the  tournil  or  screw-bean 
(Strombocarpa  pubescens),  the  palo  verde  (Parkinsonia  torreyana),  the 
"Creosote  bush"  (Corvilla  tridentata),  and  the  California  Palm  (Neo- 
Washingtonia  filifera).    The  salt  weeds  (Salicornia)  are  also  common. 

The  study  of  the  origin  and  distribution  of  the  flora  of  the  region  has 

been   undertaken   by   Director    MacDougal   and   the    staff   of    the    Carnegie 

Desert  Laboratory  located  at  Tucson.     In  Dr.  MacDougal's  description  of 

the  desert  basins  of  the  Colorado,*  he  writes: 

"The  Cahuilla  Valley,  as  part  of  the  Colorado  Desert,  bears  a  char- 
acteristic xerophilous  vegetation.  Along  the  clay  strata,  in  an  upper  level, 
bands  and  groves  of  the  California  palm  (Neo-washingtonia  Ulifera)  form 
characteristic  oases  of  striking  aspect.  At  other  places  around  the  springs 
which  are  generally  alkaline,  mesquite  (Prosopis)  salt  grass  (Distichlis 
spicata)  the  rare  rush  (Jancus  Cooperi)  which  here  is  to  be  found  in  great 
tufts,  Cyperus  and  Scirpus  olneyi  occur  in  abundance. 

♦•'The  Desert  Basins  of  the  Colorado  Delta,"  D.  T.  MacDougal,  with  map  by 
Mr.  Godfrey  Sykes,  Bui.  Amer.  Geog.  Soc.,  vol.  39,  pp.  705-729. 
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''The  salt  bushes  (Atriplex  canescens  and  A.  Polycarpc)  grow  on 
saline  areas;  but  in  places  where  the  loam  bears  more  than  3%  of  alkali, 
but  little  is  to  be  found  besides  AllenrolUa  and  Sueda,  and  these  are  generally 
in  the  shallow  drainage-ways,  from  the  soil  of  whFch  some  of  the  salts  have 
been  leached. 

"Parosela  spinosa,  one  of  the  most  striking  of  all  desert  shrubs,  is  to 
be  found  on  the  margins  and  in  the  beds  of  the  dry  streamways  well  up  on 
the  sides  of  the  basins,  and  also  Gaertneria,  with  its  burr-like  fruits.  Ephedra, 
Parkinsonia  torreyana  and  P.  microphylla,  Fouquieria  splendens,  Olneya 
testoa,  and  Yucca  Mohavensis,  are  also  here  in  abundance,  while  the  creosote 
bush,  shows  its  characteristic  wide  range  of  adaptability  to  a  great  variety 
of  soils. 

"It  is  to  be  seen  that  most  of  these  plants  are  of  the  halophytic,  or  of 
spinose  types,  while  but  few  plants  capable  of  water  storage  are  present. 
Among  these  is  an  Echinocactus — Opuntia  Bigelovii,  O.  Basilaris,  and  O. 
Echinocarpa. 

"The  rainfall  of  the  region  does  not  exceed  three  inches  annually,  and 
very  high  temperatures  are  reported  for  various  points  within  the  basin." 

*  *  i^  i^  i^  i^  i^ 

"In  addition  to  the  slow  movement  of  the  jungle  vegetation  seaward 
with  the  southern  extension  of  the  central  portion  of  the  alluvial  lands,  other 
major  movements  of  great  sweep  have  taken  place.  The  depressed  basins, 
once  a  part  of  the  gulf,  have  been  occupied  by  various  types  of  xerophytic 
and  halophytic  vegetation,  by  encroachment  from  the  contiguous  desert,  and 
by  the  •  aid  of  the  inflowing  river  floods  from  great  distances,  and  many 
opportunities  have  been  offered  for  the  origin  and  adaptation  of  new  species, 
either  by  direct  response  or  by  the  chance  saltation — which  might  bring  a 
new  form  into  existence  in  an  environment  exactly  suitable  for  its  main- 
tenance." 

Palms  of  the  Desert. 

The  extreme  fertility  of  the  soils  of  the  desert  was  well  shown  by  the 

beautiful   oasis    at    the   Hot    Springs,   now   known    as    Palm    Springs,    near 

Indio.     The  writer  there  found  in  1853  and  recorded  the  growth  of  a  palm 

and   rushes   with   mesquite   and  willow  bushes.     Mr.   S.   B.   Parrish,   in  his 

"Contributions  Toward  a  Knowledge  of  the  Genus  Washingtonia,"*  refers 

to  this  mention  as  one  of  the  earliest  notices  of  the  occurrence  of  palms  on 

the  desert.     In  regard  to  the  distribution  of  this  genus  of  palms,  he  writes 

further  (p.  426)  : 

"The  distribution  seems  to  have  been  determined  by  the  boundaries  of 
the  great  lake  which,  in  the  not  very  distant  past,  occupied  the  central 
depression  of  the  Colorado  Desert.  We  may  reasonably  suppose  the  shores 
of  this  ancient  lake  to  have  been  enlivened  here  and  there  with  groves  of 

♦"Botanical  Gazette,"  vol.  44,  Univ.  of  Chicagro  Press,  Dec.  1907,  pp.  408-434. 
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stately  palms.  A  few  venerable  trees  still  linger  near  the  upper  shore-line 
of  this  vanished  sea,  gaunt  and  ready  to  perish,  and  without  offspring  to 
succeed  them,  but  the  most  have  retired  to  the  canyons  of  the  surrounding 
mountains.  Here  they  find  congenial  homes  along  the  few  and  feeble 
streams,  by  some  scanty  spring  or  narrow  oasis  moistened  by  alkaline  per- 
colations. The  necessity  of  soil  moisture  is  the  governing  factor  in  their 
distribution. 

"The  most  extensive  groves  occupy  a  tract  of  strongly  alkaline  soil 
along  the  foothills  some  ten  miles  north  of  Indio  and  extending  up  some  of 
the  neighboring  washes.  The  finest  grove  occupies  for  a  mile  or  more  the 
narrow  Palm  Canyon  on  the  opposite  side  of  the  desert  at  the  base  of  the 
San  Jacinto  Mountains.  Hundreds  of  fine  trees  fill  the  sandy  bed  of  the 
stream,  or  cling  to  the  rocky  bases  of  the  steep  sides.  The  older  trees  are 
still  vigorous,  and  there  are  abundant  younger  ones  of  all  sizes.  It  is  con- 
venient of  access  from  the  little  village  of  Palm  Springs. 

"Most  of  the  canyons  at  the  desert  bases  of  San  Jacinto  contain  palms. 
A  few  grow  in  the  canyon  of  the  Whitewater,  which  is  the  western  limit  of 
the  species.  The  Southern  outpost  is  probably  at  Carrizo  Creek;  a  few  trees 
at  Corn  Springs  mark  its  northern  limit,  and  none  are  known  to  exist  east 
of  Frinks  Station." 

Palms  were,  however,  noted  by  Dr.  MacDougal  further  south  in  the 

canyons  of  the  Cocopah  Mountains,  and  Father  Consag*  in  his  account  of 

the  survey  of  the  head  of  the  gulf  reports  finding  palm  trees  washed  down 

by  floods  in  the  bed  of  a  brook  near  San  Estanislao. 


V.    GEOLOGY  AND  MINERALS. 

Mountains. 

The  mountain  ranges  which  figuratively  frame  the  valleys  rise,  wall- 
like, on  both  sides  of  the  Cahuilla  Valley  and  the  desert.  Those  on  the 
west  are  the  most  abrupt  and  rugged  and  form  a  complete  separation  be- 
tween the  delta  region  and  the  Pacific  Ocean.  These  are  the  San  Jacinto 
ranges  of  the  peninsula  mountains.  San  Jacinto,  the  highest  peak,  stands 
at  the  south  end  and  on  the  south  side  of  the  San  Gorgonio  Pass,  which 
separates  it  from  th^  massive  ridges  of  San  Bernardino.  Both  of  these 
mountains  rise  to  an  altitude  of  over  11,500  feet  above  the  sea.  The  white 
snow-covered  summit  of  San  Bernardino  is  a  conspicuous  object  for  a 
large  part  of  the  year  from  the  decks  of  vessels  sailing  along  the  coast. 
San  Jacinto  does  not  attract  so  much  precipitation,  but  is  a  very  sharp  and 
picturesque  peak. 

*'*A  Natural  and  Civil  History  of  California."     Translation  from  the  Spanish 
of  Miguel  Venegas.    Rivington  and  Fletcher,  London,  1759,  2  vols.    Vol.  II,  p.  337. 
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Geologically,  these  mountains  are  essentially  crystalline  and  granitic. 
The  peninsula  ranges  north  of  the  boundary  line  consist  chiefly  of  granite 
and  syenitic  rocks  in  which  there  is  an  unusual  amount  of  mineral  known 
as  schorl  or  black  tourmaline.  Gneiss  and  micaceous  schists  are  largely 
developed  and  are  sharply  upraised  and  plicated,  forming  extremely  rough 
and  jagged  croppings,  especially  on  the  sides  bounding  the  desert  where  there 
is  but  little  soil.  Owing  to  the  desiccation  of  the  wind  from  the  sea,  the 
scanty  precipitation  is  insufficient  for  mountain  streams  of  much  volume. 
The  few  brooks  or  rivulets  of  the  higher  ridges  in  their  descent  to  the  valley 
in  the  rainy  season  are  quickly  absorbed  or  dissipated  by  evaporation  on 
reaching  the  lower  slopes. 

On  the  seaward  side  of  the  mountain  range  the  conditions  are  very 
different,  and  many  small  and  fertile  valleys  are  found. 

Amongst  these,  Warner's,  so  named  for  the  pioneer  settler,  Don  Juan 
Warner  ("Juan  Largo"),  a  tall  New  Englander  from  Lyme,  Conn.,  was  a 
great  haven  of  rest  in  the  early  days  for  those  who  survived  the  terrors  of 
the  desert  in  the  90-mile  journey  from  Yuma  to  Carrizo  Creek  without 
water. 

Gems. 

These  granite  ridges  from  San  Jacinto,  southward  through  San  Diego 
County,  have  become  generally  noted  for  the  superb  gems  taken  from 
many  places,  more  particularly  for  red,  green  and  pink  colored  tourmaline, 
obtained  by  patient  mining.  The  rocks  generally  may  be  said  to  be  char- 
acterized by  the  abundance  of  the  ordinary  black  tourmaline  or  schorl. 
Amongst  the  other  gem-stones,  the  rare  form  of  the  spodumene,  a  lithia 
mineral  known  as  kunzite,  is  obtained  here  in  beautiful  purple  or  violet- 
colored  crystals.  Garnets  and  beryls  are  also  obtained  in  these  mountains. 
The  beryls  are  sometimes  colorless  and  almost  as  brilliant  as  diamonds,  and 
are  often  tinted  a  pale  rose  pink,  greatly  enhancing  their  beauty. 

The  mountains  on  the  north  of  the  great  Cahuilla  Valley  are  also 
granitic  and  form  a  series  of  sharp  ridges  in  constant  sequence,  separated  by 
gravelly  slopes  and  valleys,  for  a  great  distance  up  the  valley  of  the 
Colorado.  Some  outcrops  have  been  worked  for  gold  in  the  mountain  ridges 
a  few  miles  north  of  Indio  and  also  at  Carza  Muchacha,  near  Yuma. 

The  geology  south  of  the  International  boundary  is  but  little  known. 
At  the  Sierra  Giganta,  between  Muleje  and  Loreto,  there  are  precipitous 
cliffs  of  red  sandstone. 
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VULCANISM. 

The  evidences  of  vulcanism  are  many  and  impressive  in  the  lower 
delta  region  of  the  Colorado,  and  on  the  Sonora  side  of  the  head  of  the 
Gulf,  where  numerous  craters  exist  and  are  dominated  by  the  extinct  vol- 
canoes known  as  Pinacate.  This  mountain  rises  in  a  volcanic  center  of 
great  extent  only  about  25  miles  from  the  shores  of  the  gulf.  It  has  been 
recently  visited  by  Dr.  MacDougal  of  the  Carnegie  Institution,  in  company 
with  Engineer  Sykes,  Messrs.  Hornady  of  the  Zoological  Park,  New  York, 
and  Mr.  Phillips  of  Pittsburg,  Pa.  They  found  extensive  pit-craters  with 
precipitous  sides  and  a  broad  region  covered  with  lava. 

Northward  from  the  Pinacate  region,  volcanic  outflows  continue  as 
far  as  Mohawk  on  the  railroad  in  Arizona  on  the  north  side  of  the  Inter- 
national Boundary  Line. 

In  close  proximity  to  the  deposits  of  the  Colorado  Delta  we  find  the 
craters  and  outflows  of  the  Cerro  Prieto  or  Black  Butte  on  the  flanks  of 
the  Cocopah  Mountains.  The  chief  crater  is  in  the  mountain  750  feet  high 
and  is  flanked  by  smaller  craters  all  now  extinct  but  giving  evidence  of  com- 
paratively recent  activity.  Mud  volcanoes,  or  salses,  occur  there  from 
which  hot  water  and  steam  are  escaping. 

At  the  time  of  the  great  earthquake  in  San  Francisco,  April  18,  1906, 
there  was  an  earthquake  in  the  Imperial  region  of  the  delta,  which  suggests 
the  probable  continuation  of  a  fault-plane  passing  along  the  great  interior 
valley  of  California  and  southward,  through  the  valley  of  the  Gulf. 

Mud  Volcanoes. 

In  the  year  1852,  Major  Heintzelman,  U.  S.  A.,  then  commanding  at 
Yuma,  was  surprised  to  see  clouds  of  steam  arising  from  the  southwest  por- 
tion of  the  desert.  Visiting  the  place  he  found  a  great  eruption  of  hot 
water  and  mud,  with  jets  of  steam,  issuing  from  conical  hillocks  of  mud. 
Masses  of  dark  colored  mud  were  thrown  to  a  height  of  40  feet.  These 
salses  were  later  visited  and  described  by  Dr.  John  L.  Le  Conte,*  and  by 
Dr.  Veatch.t  An  excellent  graphic  description  was  given  by  Dr.  David  P. 
Barrows  in  1900.1:     He  correctly  observes: 

"The  volcanoes  are  doubtless  immediately  due  to  the  infiltration  of 
water  from  the  Colorado  overflow  down  to  the  heated  beds  of  rock  not  far 
beneath.  Converted  into  steam,  these  waters  burst  violently  upward  through 
the  deposits  of  silt,  and  around  their  orifices  throw  up  encirclmg  walls  of 
mud." 

•'•American  Journal  of  Science  and  Arts,"   (II)  XIX,  May,  1855. 

tibid,  (II)  XXVI,  1858. 

t "National  Geographic  Magazine,"  Sept.,  1900,  vol.  XI,  No.  9,  p.  337. 
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Similar  outbursts  have  been   seen  not   far   from   the  line   of   railroad 
opposite  the  Salton  Salt  Deposit,  but  are  now  covered  by  water. 
Dr.  MacDougal*  described  the  volcanic  phenomena  as  follows: 

"Hot  springs  and  other  manifestations  of  volcanic  energy  are  to  be 
found  all  along  the  geological  axis  on  the  eastern  side  of  the  Peninsula  of 
Baja  California,  but  the  most  pronounced  feature  of  this  character  is  to  be 
found  well  out  in  the  delta,  near  Volcano  Lake.  Here,  on  a  saline  plain  a 
few  miles  in  extent,  innumerable  small  mud  cones,  sol  fata  ras  and  boiling 
pools  of  mud  and  water,  emit  steam,  smoke,  and  sulphurous  gases,  accom- 
panied by  a  dull  rumbling  sound. 

"According  to  the  traditions  of  the  Cocopah  Indians,  a  member  of  the 
tribe  accused  of  sorcery,  or  other  serious  crime,  was  sent  back  to  his  evil 
master  by  the  simple  process  of  dropping  him  into  a  pool  of  boiling  mud — an 
obvious  entrance  to  his  abode  below." 

Uplift  and  Tilting. 

The  occurrence  of  beds  of  oysters  and  other  marine  shells  and  marine 
fossils  over  the  region  as  already  mentioned  shows  that  there  has  been  a 
considerable  uplift  of  the  whole  region  as  well  as  a  change  from  marine  to 
fresh  water  conditions.  Since  the  dessication  of  the  basin  there  has  oc- 
curred a  slight  tilting  for  the  old  beach  line  has  not  the  same  elevation 
throughout.  On  the  southeastern  stretch  near  Holtville  its  elevation  is  about 
58  feet;  on  the  northeast  near  Salton  49;  on  the  northwest  near  Travertine 
Point  39;  on  the  southwest  near  the  International  Boundary  line  28. 

Artesian  Wells. 

The   possibility  of   obtaining   water   in   the   desert   by   boring   artesian 

wells  was  pointed  out  in  1853.     The  geologic  structure    was    shown    to    be 

possible.     The  clay  deposits  of  Cahuilla  Lake  were  described  as  resting  upon 

Tertiary   strata,   which   in   turn   rested   upon   granite   rocks   substantially   as 

indicated  in  a  diagramatic  section  given  in  the  "Geological  Reconnoissance 
of  California." 

Shallow  wells  reaching  to  the  water  table  are  easily  and  cheaply  sunk 

within  a  region  of  several  miles  on  either  side  of  the  river.    To  the  west 

however,  the  underground  water  slope  is  greater  than  that  of  the  land  and 

ordinary  wells  are   soon  impracticable.     Deep '  wells  have  been   sunk  in  the 

Yuba  Basin  and  at  El  Centro,  Brawliey  and  Holtville  in  the  Imperial  Valley 

proper  but  the  deepest  of  them — 1076  feet — encounter  no  formation  except  the 

silt  material  of  which  the  valley  is  formed  with  a  shale  and  sort  of  cemented 

sand  overlaying  the  water  gravel.    Only  at  Holtville  and  in  that  vicinity  has 

***The  Delta  of  the  Rio  Colorado,"  Bui.  Amer.  Geog.  Soc,  p.  10,  1907. 
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flowing  water  been  encountered,  and  that  small  in  amount,  at  depths  of  from 
300  to  1,000  feet,  quite  mineral  though  drinkable  in  quality,  and  with  a 
temperature  of  about  100°  Fahr. 

At  the  northwestern  end  of  the  basin  there  are  relatively  shallow  arte- 
sian wells  the  occurrence  of  which  is  explained  by  the  diagramatic  section 
already  referred  to  as  published  in  1855.  Such  flowing  wells  are  now  numer- 
ous at  Mecca  and  its  vicinity,  and  add  immensely  to  the  value  of  the  region 
for  gardening  and  agriculture.  Approximately  $300,000  is  invested  in  over 
350  wells  and  pumping  plants  for  the  irrigation  of  about  9,000  acres  in  this 
part  of  the  Colorado  Desert,  known  as  the  Coachella  Valley,  and  this 
acreage  can  doubtless  be  safely  increased  from  50  to  100  per  cent  or  more 
without  overtaxing  the  water  supply. 

Salt  Deposit. 

The  accumulation  of  salt  in  the  lower  part  of  the  desert  was  well 
known  to  the  Cahuilla  Indians,  who  resorted  to  it  for  salt  for  an  unknown 
period.  Being  a  little  off  the  trail  or  road  then  travelled  from  Yuma  to 
the  settlements  in  California,  it  was  not  often  visited  or  seen  by  the  early 
explorers,  who,  after  the  long  journey  of  90  miles  without  water,  pressed 
forward  without  delay  to  the  shades  and  springs  of  potable  water  on  the 
seaward  slope  of  the  mountains  at  Warner's  Ranch. 

Emory,  1848,  mentions  the  salt  lake  as  three  quarters  of  a  mile  long 
and  half  a  mile  wide,  and  that  the  water  had  receded  to  a  foot  in  depth. 

The  salt  bed  was  not  conspicuous  in  1853,  at  the  time  of  Williamson's 
Survey.  Its  precise  position  was  not  ascertained.  It  was  said  that  it  was 
sometimes  flooded  with  water,  which  was  supposed  to  have  reached  it  frorti 
the  overflow  of  the  Colorado,  through  the  channel  of  New  River.*  Evidently 
this  occasional  submergence  and  dessication  must  have  caused  a  great  differ- 
ence of  appearance  at  different  times,  the  depression  when  dry  being  sheeted 
with  salt,  and  when  flooded  appearing  as  a  shallow  lake  of  briny  water. 

This  bed  of  salt,  when  not  flooded,  was  extensively  exploited  by  the 
New  Liverpool  Salt  Company,  shipments  were  made  from  the  Salton  Station 
on  the  railway  for  many  years,  until  the  last  overflow,  which  for  a  time  at 
least  has  destroyed  the  industry. 

In  1892  the  lake  was  described  as  a  salty  marsh  connected  by  a  branch 
railway  with  the  main  track  of  the  Southern  Pacific  road.  At  the  end  of 
this  track,  some  15,000  feet  west  of  the  railway,  a  well  was  bored  by  the 
Company  to  a  depth  of  300  feet.    The  top  material  largely  consisted  of  black 


•Report  "Geological  Reconnaissance  of  California,"  p.  245. 
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mud  resting  on  a  crust  of  salt,  a  mixture  of  the  chloride  of  sodium  and 

chloride  of  magnesium,  seven  inches  thick.    On  passing  through  this  crust 

the  drill  dropped  through  22  feet  of  black  ooze  containing  water  over  50% 

sodium  and  magnesium  salts,  fine  sand,  iron  oxide  and  clay.     It  rested  on 

hard  clay,  through  which  the  drill  passed  for  the  remaining  distance,  277  feet, 

varied,  only  by  two  or  three  streaks  of  cement.* 

The  inflow  of  water  from  the  Colorado  River  in  1891,  is  described  as 

follows : 

"In  the  month  of  June,  1891,  a  steady  flow  of  water  entered  the 
depression  (of  the  salt  lake)  from  the  southeast  and  continued  to  the  north- 
west uninterruptedly  until  an  area  30  miles  long  and  averaging  10  miles  in 
width,  was  covered  to  a  depth  of  6  feet,  measured  at  the  end  of  the  Salton 
Salt  Works'  branch  track.  When  first  examined  the  water  showed  a  density 
of  70°  Beaume,  which  gradually  increased  to  25°  Beaume." 

This  influx  of  salt  water  gave  rise  to  the  idea  that  the  water  of  the 
Gulf  had  penetrated  through  some  underground  channel,  but  no  such  channel 
could  be  found.  It  was  fancied  that  the  soft,  briny  ooze  might  extend  under 
the  crust  beyond  the  marsh  even  to  the  Gulf  and  so  obtain  the  supply  of 
salt  water  enriched  by  passing  into  and  through  the  ooze.  The  water,  how- 
ever, entered  the  basin  through  the  New  and  Alamo  River  channels  which 
led  from  the  lower  delta  region  overflowed  by  the  unusually  severe  Colorado 
River  flood  exactly  as  occurred  again  in  1905  and  1906. 

ASPHALTUM  AND  PETROLEUM. 

In  the  year  1907,  according  to  the  report  of  Dr.  Stephen  Bowers  to  the 
State  Mineralogist  of  California,  the  Recorder's  Office  at  San  Diego  showed 
that  more  .than  450,000  acres  of  land  had  been  located  for  petroleum  in  the 
Colorado  Desert  mining  district,  in  San  Diego  County.  Expectations  were 
great  and  many  borings  were  made,  but  it  does  not  since  appear  that  any 
petroleum  has  been  developed  there. 

Asphaltum  was  reported  in  1891  by  Dr.  Bowers  from  the  Fish  Creek 
District,  southwest  from  the  Mezquite  Co.*s  wells.  Asphaltum  occurs  there 
and  at  Superstition  Mountain.  Dr.  Bowers  also  reports  nearly  pure  asphaltum 
from  Section  7,  Township  11  South,  Range  10  East,  San  Bernardino  Base  and 
Meridian,  and  at  several  points  in  the  same  township.t 

Sulphur. 
Deposits  of  sulphur  in  the  Cocopah  Mountains  have  been  worked  in  a 
desultory,  intermittent  way  for  many  years.     Common  report  assigns  a  con- 

•**Report  State  Mineralogist  of  California,"  XL  1892,  p.  388. 
t "Reconnaissance    of    the    Colorado    Desert    Mining    District,"    by    Stephen 
Bowers,  Ph.  D.,  Sacramento,  State  Print,  1901,  p.  17. 
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siderable  quantity  to  the  locality  on  the  west  side  of  Volcano  Lake,  but  no 
reliable  descriptions  are  at  hand.  It  is  about  twenty  miles  south  of  the 
boundary. 

Sodium  Carbonate. 
Carbonate  of  soda  occurs  in  quantity  on  the  shore  of  the  Gulf  at  Adair 
Bay,  but  has  not  been  developed.  The  quality  as  shown  by  samples  submitted 
at  the  University  of  Arizona,  is  excellent  and  the  crude  material  could  no 
doubt  be  advantageously  shipped  to  United  States  ports  were  it  not  for  the 
import  duties. 

Gold. 
Gold-bearing   quartz   veins   are   found   in   the   mountains   north   of   the 
desert.    One  was  worked  at  Carzo  Muchacha,  and  the  ore  was  milled  at  Pilot 
Knob  for  several  years. 

Sand  Sculpture. 

Amongst  the  many  interesting  phenomena  of  the  desert,  none  perhaps, 
is  more  surprising  than  the  effect  of  wind  driven  sand.  To  those  who  look 
they  may  be  seen  anywhere.  Loose  blocks  of  rocks,  pebbles,  or  rock  out- 
cropping in  the  path  of  the  sand-grains,  and  even  the  hard  surface  of  the 
lacustrine  clay,  are  smoothed  and  polished.  But  the  irresistible  cutting  is 
best  exhibited  on  the  hardest  objects,  such,  for  instance,  as  masses  of  petrified 
wood  where  some  of  the  former  woody  layers  are  less  hard  than  others. 
These  softer  parts  of  the  stone  are  more  readily  cut  away  by  the  sand  than 
the  denser  layers  and  a  sort  of  dissection  results  with  the  hardest  parts  left 
in  relief  and  the  softer  parts  hollowed  out.  It  is  similarly  so  in  the  case  of 
any  stratified  pebble,  as  perhaps  of  limestone  with  a  layer  of  flint,  the  lime- 
stone is  cut  away  leaving  the  flint  in  bold  relief. 

Under  the  long  continued  driving  action  of  the  coast  wind  pouring 
through  the  railway  pass,  a  flow  of  sand  is  constantly  passing  across  the  low 
spur  of  San  Jacinto  Mountain  cutting  the  solid  granite  into  a  furrowed  surface 
as  if  by  some  mighty  force  pressing  down  upon  it  and  moving  slowly  along, 
glacier  like.  But  on  the  contrary  the  effect  does  not  depend  upon  pressure; 
it  is  the  function  of  each  little  grain  bounding  along,  to  scratch  its  invisible 
groove  until,  in  the  aggregate,  the  mountain  ridge  is  cut  and  smoothed  down. 
Here,  again,  the  apparent  selective  action  of  the  grains  is  shown,  for  the 
minerals  of  the  granite  are  dissected,  cut  in  the  order  of  their  hardness, 
feldspar  yielding  sooner  and  more  than  the  crystals!  and  the  crystal  more  than 
the  garnets. 

The  traveler  in  the  observation  car  of  the  Southern  Pacific  may  note,  as 
the  train  descends  the  bed  of  the  Whitewater  from  the  summit  of  the  San 
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Gorgonio  Pass  to  the  desert,  that  the  telegraph  poles  are  fortified  at  their  base 
by  piles  of  stones.  This  is  to  restrict  the  action  of  the  sand  which  soon  cuts 
down  the  poles  if  they  are  left  unprotected. 

The  sand  itself  does  not  escape  wear  and  cutting.  The  grains  lose 
their  sharpness  and  become  roun«led  and  spherical,  or  are  worn  into  dust. 

The  colored  pebbles  glittering  in  the  sunlight,  on  the  upper  plains  or 
terraces  of  the  desert-slopes,  receive  the  polish  of  their  varnish-like  surfaces 
from  the  wind  driven  dust.  The  broad  pebble-covered  plains  or  slopes  of  the 
mountains  bordering  the  desert,  looking  as  if  paved  artificially  with  round 
pebbles,  owe  their  origin,  largely,  to  the  removal  of  the  sand  around  and 
under  them  by  the  wind.  Being  so  undermined,  the  pebbles  settle  down  till 
a  continuous  mosaic-like  surface  is  formed  which  resists  the  further  action  of 
the  wind. 

Concretions. 

Among  the  varied  phenomena  of  the  desert,  none  are  so  little  understood 
as  the  concretions  which  weather  out  from  some  of  the  clay  strata,  and 
present  many  peculiar  round  and  cylindrical  forms  simulating  cakes,  breakfast 
rolls,  dumb-bells,  and  the  like.  These  are  often  ascribed  to  the  cutting  by 
drifting  or  wind  driven  sand,  but  are  really  due  to  chemical  action  of  solu- 
tions by  which  the  particles  of  clay  are  drawn  together  and  cemented  in 
geometric  forms  around  some  central  object  or  core. 

It  is  an  interesting  fact,  first  noticed  by  the  late  General  Thomas  when 
stationed  at  Yuma,  that  many  of  the  hard,  rounded  and  polished  pebbles  are 
filled  with  silicified  fossils.  Their  parent  source  was  probably  in  the  Canyon 
of  the  Colorado. 

„    .  ^  Analogous  Conditions  Elsewhere. 

Red  Sea. 

We  find  conditions  analogous  to  those  of  the  Gulf  of  California  in  the 
Old  World.  The  Red  Sea,  for  example,  also  occupies  a  great  trough  or  valley 
about  1200  miles  long,  extending  northwesterly  and  southwesterly  over  nearly 
twenty  degrees  of  latitude,  from  approximately  12°  to  32°,  from  the  Indian 
Ocean  nearly  to  the  Mediterranean. 

It  appears  to  have  been  cut  off  from  a  former  connection  with  the 
Mediterranean  by  the  deposits  which  form  the  Isthmus  of  Suez. 

The  Gulf  of  Suez,  at  the  north  end  of  the  Red  Sea,  extends  N.  N.  W. 
for  170  miles,  with  an  average  width  of  30  miles.  Its  shores  may  be  regarded 
as  a  portion  of  the  Isthmus  reclaimed  from  the  sea ;  the  former  limits  of  the 
ocean  waters  can  be  traced  for  several  miles  inland. 
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In  each  of  these  great  continental  longhodiiial  Tal]e3rs  great  graphic 
changes  have  resahed  from  deposits  of  silt-laden  rirers. 

The  Red  Sea  has  been  shonened  bj  the  deposits  from  the  Nile,  and  the 

Red  Sea  of  Cahfornia  by  the  deposits  from  the  Colorado. 

# 
Indus  Delta. 

The  phenomena  of  the  Colorado  Delta,  especially  changes  of  channels, 
find  a  close  counterpart  in  those  of  the  Indus  Delta.  This  river,  rising  in 
central  .Asia  in  the  mountains  of  northern  India  at  the  northeastern  extension 
of  the  Himalayas,  flows  south  and  westerly  and  empties  into  the  Arabian  Sea 
about  25^  north  latitude.  It  there  forms  a  delta  10.000  square  miles  in  area 
with  a  coast  line  of  125  miles.  It  exhibits  a  net  work  of  abandoned  channels 
and  "lost  rivers/*  calamitous  in  their  dn.'ing  up,  reducing  thousands  of  square 
miles  of  a  once  fertile  and  inhabited  country  to  waste  and  solitude.  Channels 
once  filled  with  flowing  water  are  often  forsaken.  The  flow  often  shifts  sud- 
denly and  many  dr>'  channels  are  left.  Great  changes  in  the  source  of  the 
river  took  place  in  the  last  century.  The  length  of  the  main  channel  abandoned 
was  not  less  than  100  miles.  There  is  evidence  that  shiftings  of  the  river  bed 
have  been  going  on  through  all  ages. 

An  inland  sea  once  covered  the  Rann  of  Kachh  (or  Cutch)  and  the 
region  is  sometimes  flooded  during  the  season  of  the  southwest  monsoons. 

The  rate  of  advance  of  the  shore  line  of  the  delta  is  rapid.  It  is  stated 
that  in  ten  years  the  advance  of  the  banks  at  the  river  mouth  is  3  1/3 
geographical  miles,  or  l/3  of  a  mile  yearly.  It  is  estimated  that  the  river 
brings  down  217  millions  of  cubic  yards  annually. 

Persian  Gulf. 

Changes  very  similar  to  the  displacement  of  the  waters  of  the  Gulf  of 
California  by  the  Colorado  Delta  have  been  in  progress  in  other  parts  of  the 
world,  notably  at  the  head  of  the  Persian  Gulf,  which,  within  a  comparatively 
recent  period,  extended  250  miles  further  to  the  northwest  than  the  mouth  of 
the  combined  stream  of  the  Tigris  and  Euphrates. 

San  Joaquin  J 'alley. 

In  the  interior  valley  of  Upper  California,  which  is  topographically  an 
extension  of  the  great  trough  of  the  gulf,  there  are.  also  analogous  conditions 
of  delta  and  lacustrine  deposits.  In  the  valley  of  the  Tulares  there  are  broad 
regions  of  level  lacustrine  clays  where  evidently  there  were  formerly  broad 
lakes  of  fresh  water,  represented  today  by  the  chains  of  shallow  residual  lakes 
from  the  Bucna  Vista,  to  the  Kern  and  the  Tulare.    These  lakes,  ever  varying 
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in  their  extent  according  to  the  water  supply,  owe  their  origin  as  separate 
sheets  of  water  to  the  diversion  of  the  San  Joaquin  River  by  its  own  detrital 
deposits  from  a  southern  and  land-locked,  to  a  more  northern  outlet  leading 
to  the  sea.  The  delta  deposits  of  this  river,  by  extending  into  and  across  this 
interior  valley  divided  it  into  two  parts  near  its  center  so  that  the  floods  of  the 
San  Joaquin  which  once  swelled  the  volume  of  the  Tulares  were  finally  with- 
drawn into  the  Bay  of  San  Francisco  and  the  sea  at  the  Golden  Gate. 

ilH  *  T¥  *  *  *  :¥ 

All  such  river  and  lake  deposits,  both  of  the  Old  World  and  the  New, 
are  remarkable  for  their  fertility  and  capacity  for  sustaining  large  popula- 
tions. From  this  point  of  view  the  value  of  the  Delta  of  the  Colorado  can 
scarcely  be  estimated.  It  fully  justifies  the  great  cost  of  its  reclamation  and 
control  of  the  water  supply  for  the  benefit  of  this  and  future  generations. 


PART  II. 


SOME  SCIENTIFIC  FACTS  OF  GENERAL  INTEREST 

ABOUT  THE  SALTON  SEA 

ABSTRACTS  BY  H.  T.  CORY  OF  VARIOUS  SCIENTIFIC  MONOGRAPHS. 


Under  the  direction  of  Dr.  D.  T.  MacDougal,  of  the  Carnegie  Desert 
Laboratory  at  Tucson,  Ariz.,  the  Carnegie  Institution  of  Washington,  D.  C, 
has  recently  (1914)  issued  a  volume  as  its  Publication  193,  "The  Geography, 
Geology,  Floristics  and  Ecology  of  a  Desert  Basin — A  Study  of  the  Salton 
Sea,"  being  a  collection  of  quite  technically  scientific  monographs  by  a  number 
of  scientific  experts  in  various  lines.  The  abstracts  of  two  of  these  which 
are  of  general  interest  have  been  prepared  by  the  author  and  are  given 
herewith. 


I.    THE  CHEMICAL  COMPOSITION  OF  THE  WATER  OF  SALTON 
SEA  AND  ITS  ANNUAL  VARIATION  IN  CONCENTRATION. 

by  dr.  w.  h.  ross 

Preliminary  Analyses. 

A  preliminary  examination  of  samples  taken  at  intervals  from  different 
points  in  the  Sea  showed  the  water  was  saltiest  in  the  shallow  regions 
overlying  saline  flats  and  least  salty  at  the  surface  of  the  deep  parts  of  the 
lake.  June  10,  1906,  when  the  maximum  depth  was  60  feet,  a  sample  taken 
IJ/^  miles  from  the  shore  near  Mecca  contained  4016  parts  of  total  solids 
per  million;  another  from  about  100  feet  from  shore,  6974  parts,  while  a 
third  collected  within  a  few  feet  of  the  shore  near  Travertine  Point  where  the 
water  was  shallow  and  covered  a  saline  deposit  contained  11,528  parts. 

A  few  months  later,  October  11,  1906,  a  marked  increase  in  uniformity 
had  taken  place.  A  sample  taken  from  shallow  water  near  the  shore  con- 
tained 3632  parts  of  solids  and  another  from  a  half  mile  out  yielded  3596 
parts. 

During  the  first  ten  days  in  February,  1907,  when  the  lake  had  reached 
its  maximum  volume,  a  number  of  samples  from  different  points  on  the  lake 
and  at  different  depths  showed  very  little  differences  in  total  solids  and 
chlorine  content,  the  minimum  and  maximum  total  solids  being  3218  and 
3418  on  the  surface,  while  the  absolute  maximum  was  3520  found  at  a  depth 
of  60  feet  about  1^  miles  off  shore  from  Salton  where  the  water  was  84 
feet  deep.  The  corresponding  figures  for  chlorine  were  2380,  2500  and  2590 
respectively.  One  sample,  taken  a  few  miles  from  the  mouths  of  the  New 
and^  Alamo  rivers  through  which  only  a  short  time  before  flowed  fresh 
water  from  the  Colorado  River,  was  exceptionally  less  salty,  having  only 
2588  parts  solids  and  1850  parts  chlorine,  but  this  was  of  course  to  be  ex- 
pected. The  fact  that  the  greatest  concentration  was  found  near  the  bottom 
at  a  depth  of  60  feet  would  indicate  that  leaching  of  salts  from  the  lake  bed 
was  still  taking  place. 

Thereafter  samples  were  taken  June  3,  1907,  and  each  year  following, 
from  a  point  4  miles  southwesterly  from  Mecca  Landing  in  approximately 
the  same  location. 

Methods  of  Analysis. 

The  methods  used  were  those  best  suited  for  determining  the  concen- 
tration of  the  various  constituents  and  known  by  extensive  use  to  give 
accurate  results.    All  determinations  were  carried  out  in  quadruple  and  when 
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it  was  thought  necessary  blank  determinations  were  made  of  the  reagents 
used. 

Yearly  Increase  of  Total  Constituents. 

In  order  to  make  comparisons  from  year  to  year  correction  must  be 
made  because  samples  were  not  collected  at  exactly  the  same  date  each  year. 
To  bring  the  results  as  of  June  3rd  of  each  year  it  was  assumed  that  the 
daily  evaporation  during  the  last  week  in  May  and  the  first  two  weeks  in 
June  is  1^  times  as  great  as  the  average  daily  evaporation  for  the  whole 
year. 

Table  1.    Percentage  Yearly  Increase  of  the  Total  Constituents 


Total  Constituents  in  parts  per  million 

Chlorine 

calculated 

for  June. 3rd 

of  each  year 

Percentate 

Date 

of 

Sampling 

Determined 

in  collected 

samples 

Correction 

Calculated 
for  June  3rd 
of  each  year 

yearly  in- 
crease of  the 
constituents 

Junes.  1907 

3549.3 
4262.7 
5006.1 
5821.7 
6972.8 
8;>26.5 
9699.6 
11434.0 

00.0 
427.0 
—14.7 
+42.0 

00.0 
—36.5 
—57.5 
—37.0 

3549.3 
4289.7 
4991.4 
5863.7 
6972.8 
8190.0 
9642.1 
11397.0 

1697.5 
2062.5 
2042.0 
2789.3 
3394.2 
3938.4 
4712.9 
5576.0 

May  25. 1908 

20.9 

June  8. 1909 

16.2 

May  22. 1910 

17.4 

June  3. 1911 

June  10.  1912 

June  18. 1913 

18.9 
17.6 
17.7 

June  12. 1914 

18.1 

The  great  increase  during  the  first  year  period  is  doubtless  because  the 
water  had  not  yet  reached  a  state  of  equilibrium  with  respect  to  the  solids  in 
the  bottom  of  the  lake.  The  "total  solids,"  which  includes  in  addition  to  the 
"total  constituents"  as  given  in  the  table,  the  water  of  occlusion  and  hydration, 
were  10,025.6  parts  per  million  on  June  18,  1913,  so  that  the  water  at  that 
time  was  almost  exactly  1  per  cent  brine. 

From  the  completed  yearly  analyses  it  was  found  that  the  concentration 
of  the  principal  constituents  with  respect  to  the  water  increased  each  year  in 
almost  the  same  proportion  as  the  total  constituents.  Some  variation  took 
place,  however,  particularly  calcium,  potassium  and  carbonate  ions — the  total 
potassium,  carbon  dioxide,  as  also  the  bicarbonate  radicle,  show  an  actually 
less  concentration  in  1913  than  in  1912.  The  ratio  of  potassium  to  .sodium 
has  decreased  from  1  to  48.3  in  1907  to  1  to  94  in  1913.  This  decrease  is 
probably  due  to  a  s.low  reaction  of  the  potassium  contained  in  the  water 
with  minerals  on  the  bottom  of  the  lake. 


Variation  in  Concentration  of  the  Lake  at  Different  Points  in  1911. 

'Estimating  from  the  rate  at  which  the  volume  of  water  is  decreasing 
and  the  amount  of  salt  in  the  lake  at  the  ehd  of  each  year  period,  Mr.  E.  E. 
Free,  of  the  Arizona  Agricultural  Experiment  Station  at  Tucsotr,-^Ari2*.;' has 


THE    SALTON     SEA  39 

shown  that  the  increase  in  salt  content  of  the  lake  is  greater  than  can  be 
ascribed  to  evaporation  alone,  and  that  the  total  amount  of  salt  in  solution 
is  increasing  instead  of  remaining  constant  or  decreasing,  as  might  have  been 
expected  from  deposition  of  salt  on  the  shores  as  the  water  recedes.  In 
order  to  determine  if  continued  leachings  of  salts  from  the  lake  bottom  is 
an  important  factor  in  this  connection,  analyses  were  made  of  a  number  of 
samples  taken  in  1911  from  the  surface  and  from  the  bottom  of  the  lake  at 
different  points  and  on  the  same  day  as  the  regular  sample  was  taken.  It 
was  shown  by  these  examinations  that  the  lake  is  now  remarkably  uniform 
in  composition.  In  very  shallow  places  near  the  shore  the  salinity  of  the 
water  was  slightly  excessive,  doubtless  due  to  washing  back  recent  depositions 
by  occasional  local  rains,  but  samples  taken  from  the  bottom  of  the  lake  at 
a  point,  as  near  as  could  be  determined,  where  the  old  salt  beds  were,  had  a 
salt  content  agreeing  almost  exactly  with  that  of  the  other  samples  from  the 
main  body  of  the  lake.  From  this  it  appears  improbable  that  any  appreciable 
leaching  is  now  taking  place  and  that  the  salt  beds  have  disappeared.  Con- 
sequently any  increase  in  the  total  salt  content  which  may  be  occurring  must 
be  due  principally  to  incoming  waters. 

Composition  of  the  Salts  Leached  Out  From  the  Bottom  of  the" 

Saltoi^  Sea. 
Since  the  present  water  in  the  Salton  Sea  comes  from  the  Colorado 
River,  the  excess  of  its  constituents,  expressed  in  parts  per  million  over  that 
brought  in  by  the  river  water  must  represent  the  composition  of  the  salts 
leached  out  from  the  lake  bottom.  By  means  of  relative ,  values  showing 
the  variation  in  the  discharge  and  the  analyses  made  by  Prof.  R.  H.  Forbes 
and  W.  W.  Skinner  throughout  the  year,  January  10,  1900  to  January  24, 
1901,*  of  composites  of  samples  collected  almost  daily  from  the  Colorado 
River  at  Yuma,  the  mean  composition  of  the  river  water  in  a  year  may  be 
readily  calculated.  In  this  way  the  compositiqikn  of  the  salts  leached  out 
from  the  bottom  of  the  Salton  Sea  was  calculated  from  the  excess  of  the 
cohstitiients*  of  tTiji  lake  watet  over  that  of  the  Water  front;  which  th^  lake  was 
f-di^rfied.  The  samples  taken  June  3,  1907,  showed  that  about  90':'i$ei:  cent 
of  the  salt  (sodium  chloride)  in  the  lake  water  had  been  taken  up  from  the 
lake  bottom,  about  42  per  cent  of  the  calcium,  71  per,  ceiajt  of ,  the  magnesium, 
and  66  per  cent  of.  the  sulphate  radicle.  ,. »       "  r.' 

If  it  is  assumed  that  all  the  salts  deposited  by  the  evaporation-'6f  the 
original  lake  were  again  taken  up  by  the  present  lake  then  the  constituents 
of  the  original  lake  were  as  shown  in  column  C  of  Table  II. 


-t:_ 


♦Bul.  No.  44  Arizona  Agricultural  Experiment  Station,  1902. 
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G)MPARisoN  Between  the  Composition  of  the  Water  of  the  Salton  Sea 

AND  Other  Natural  Waters. 

Table  II  gives  the  composition  of  Salton  Sea  water  and  that  of  several 
other  salt  water  bodies.  In  order  that  the  table  may  make  readily  apparent 
the  variation  in  the  composition  of  the  different  waters,  the  constituents  are 
expressed  in  percentages  of  the  total  constituents.  At  the  bottom  the  con- 
centration in  total  constituents  of  each  water,  designated  as  "Salinity,"  is 
given  in  parts  per  million  and  in  percentages  of  the  water. 


Table  II.     Composition  of 

Various  Noted  Salt  Water  Bodies. 

A 

B 

c 

D 

E 

P 

G 

H 

vSalton  Sea 

Analysis 

1907 

Salton  Sea 

Analysis 

1913 

* 

Salton  Sea 
(Original) 

Colorado 
River  at 
Yuma 

Caspian 
Sea 

Ocean 
Water 

Great 
Salt  I«ake 

I 

Na 

31.29 
0.65 
2.80 
1.81 
0.02 
0.26 

47.83 
Trace 

13.41 

32.30 

.34 

1.97 

1.62 

.01 

.16 

47.38 

33.14 
0.30 
1.37 
1.55 

19.75 
2.17 

10.35 
3.14 

19.92 

24.70 
0.56 
2.29 
5.97 

1    0.03 

42.04 

0.05 

23.99 

30.59 
1.11 
1.20 
3.72 

"55!29 
0.19 
7.69 

"*b!21 

33.39 
1.08 
0.42 
2.60 

13.39 

K 

2.37 

Ca 

4.79 

Mg 

11.85 

AlaOa-fFe 
SiO« 

aOa 

Trace 

Trace 

11.00 

CI 

5o«54 
*"5!97 

6S.22 

Br 

2.08 

SO* 

12.46 
1.13 

**l!57 
1.06 

28.61 

"i'iioi 

0.29 

co« 

COa 

1.85 

0.37 

0.01 

HCOa 

Other  con 

stituents 

0.08 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  const, 
per  million 

3^3.9 

9,699.6 

695.9 

12.940.0 

35,190.0 

195,580.0 

222.834.0 

vSalinity 

Percentage 
of  water 

0.355 

0.97 

0.070 

1.294 

3.519 

19.558 

22.283 

A. 
B. 
C. 

D. 

R 

F. 

G. 
H. 


Salton  Sea,  accordinfir  to  Analysis  of  1907. 
"  "  "  "  "  "  1913. 

Original  Salton  Sea.  Supposed  composition  as  calculated  from  the  excess  of 
the  constituents  of  the  present  lake  in  1907  over  that  found  for  the  Colorado 
River. 

Colorado  River  at  Yuma,  Arizona.  Mean  of  seven  analyses,  made  at  inter- 
vals of  about  two  months,  of  composites  of  samples  collected  almost  daily 
between  January  10,  1900,  and  January  24,  1901.  Analyses  by  R.  H.  Forbes 
and  W.  W.  Skinner,  Bull.  Ariz.  Agrri.  Expt.  Sta.  No.  44  (1902). 

Caspian  Sea.  Mean  of  five  analyses  by  C.  Schmidt,  Bull.  Acad.  St.  Peters- 
burg, 24,  177  (1878). 

Ocean  Water.  Meaxi  of  77  analyses  by  W.  DIttmar,  H.  M.  S.  Challenger, 
Physics  and  Chemistry,  Vol.  1,  p.  203  (1884). 

Great  Salt  Lake.    Analyses  by  J.  E.  Talmage,  Science,  14,  445  (1889). 

Dead  Sea.    Analysis  by  F.  A.  Genth,  Ann.,  110,  240  (L869). 


If  the  assumption  is  correct  that  the  salts  leached  out  from  the  bottom 
of  the  Salfon  Sea  represents  approximately  the  composition  of  the  original 


THE     SALTON     SEA  41 

lake  then  this  must  have  resembled  in  a  striking  way  the  composition  of  the 
water  of  Great  Salt  Lake. 

The  salts  taken  up  by  the  Salton  Sea  likewise  resemble  in  a  general 
way  the  composition  of  the  salts  in  the  ocean.  The  higher  sodium,  the 
lower  potassium  and  bromine,  and  the  probable  ^absence,  or  low  proportion, 
of  carbonates  jn  the  former  are  the  principal  points  of  difference.  The 
concentration,  however,  of  the  former  lake  which  deposited  the  salts  taken 
up  by  the  present  lake  was  no  doubt  much  different  from  that  of  the  ocean 
for  at  its  maximum  volume  the  total  salinity  of  the  present  lake  was  only 
about  one-ninth  that  of  sea  water.  Consequently  if  it  be  assumed  that  the  salts 
taken  up  by  Salton  Sea  originally  came  from  the  evaporation  of  the  sea 
water  without  loss  from  being  covered  up  with  silt,  then  the  volume  of 
water  which  could  have  evaporated  must  have  been  much  smaller  than  the 
present  lake. 

There  is  strong  geological  evidence  on  the  other  hand  that  a  former 
lake  existed  in  Salton  Basin  much  larger  than  the  present  lake.  It  might  be 
assumed  that  this  original  lake  was  once  in  contact  with  the  ocean,  and  that 
the  greater  part,  but  not  all,  of  the  salts  were  buried  beyond  reach  of  the 
present  water  in  the  lake.  If  this  were  the  case  then  it  would  be  expected 
that  the  salts  taken  up  by  the  water  would  have  a  similar  composition  to 
the  salts  found  in  bittern  waters,  or  at  least  would  be  decidedly  different 
from  the  ocean  type  of  salts  originally  deposited. 

Since  no  such  difference  is  noted  it  seems  safe  to  conclude  that  the  salts 
which  have  been  taken  up  by  the  Salton  Sea  are  not  of  ocean  origin  but 
have  a  similar  source  with  the  salts  in  Great  Salt  Lake;  and  that  if  the 
Salton  Basin  were  af  some  former  time  filleJ  with  sea  water  all  salts  con- 
tained therein  and  deposited  when  the  water  evaporated,  must  have  been 
completely  buried  beyond  the  action  of  the  present  water  of  the  lake. 


11.    GEOGRAPHICAL  FEATURES  OF  THE  CAHUILLA  BASIN. 

by  mr,  godfrey  sykes. 

General  Description. 

As  now  defined,  the  Colorado  Desert  may  be  considered  to  include  the 
area  between  the  Coast  Range  on  the  west  and  southwest;  the  Colorado 
River  on  the  east;  the  San  Bernardino  and  Chuckawalla  Mountains  on  the 
north;  and  to  merge,  without  any  very  definite  limits,  into  the  eastern 
bajadas  of  the  peninsula  mountains  to  the  south — some  8,000  square  miles 
in  all. 

Topographically  the  Colorado  Desert  is  divided  into  two  main  and 
parallel  basin  areas  which  merge  at  their  southeastern  extremities  in  the 
alluvial  plains  of  the  delta  of  the  Colorado  and  are  separated  elsewhere  by 
the  Cocopah  Range  of  mountains. 

The  Pattie  Basin,  which  is  the  smaller  and  most  southerly  of  the  two, 
lies  almost  wholly  within  the  Republic  of  Mexico.  It  has  not  as  yet  been 
fully  examined  or  described,  but  we  know  that  its  central  and  lowest  portion 
is  occupied  by  a  fluctuating  lake  or  lagoon,  fed  by  overflow  from  the  lower 
Colorado,  and  it  is  probable  that  the  bottom  of  this  depression  is  many  feet 
below  sea  level. 

The  basin  to  the  north  and  northeast  of  the  Cocopahs,  which  constitutes 
th^  main  portion  of  the  Colorado  Desert,  and  to  which  the  name  Cahuilla 
Valley  was  given  by  Professor  Blake,  has  the  general  form  of  an  acute- 
angled  scalene  triangle,  the  apex  of  the  triangle  being  at  the  summit  of  the 
San  Gorgonio  Pass,  between  the  San  Bernardino  and  San  Jacinto  Mountains. 
The  extreme  length  of  this  triangle  is  about  185  miles  and.  its  width  at  the 
base  about  75  miles.  The  floor  of  the  base  is  roughly  spoon-shaped,  gradually 
dropping  from  its  southeastern  end  for  a  distance  of  about  140  miles,  until 
it  has  attained  a  depth  of  265  feet  below  sea  level,  and  then  rising  with 
increasing  rapidity  until  at  the  summit  of  the  San  Gorgonio  Pass  it  has 
risen  to  an  elevation  of  some  2,500  feet  above.  An  area  of  sandhills  and 
gravel  mesas  toward  the  northeast  and  a  piedmont  district  which  lies 
between  the  Superstition  Mountains  and  the  main  escarpment  of  the 
peninsula  range,  complete  the  area  under  consideration. 

Early  Maps  and  Exploration. 

Our  real  knowledge  of  the  Colorado  Desert  extends  back  but  few  years 
and  is  still,  in  many  important  respects,  far  from  complete,  but  we  know 
the  Spaniards  approached  the  region,  if  they  did  not  actually  penetrate  it, 
within  a  few  years  after  the  discovery  of  the  New  World. 


44  CAHUILLA     BASIN 

The  first  expedition  to  explore  the  head  of  the  Gulf  of  California  and 
examine  the  circumjacent  region  was  the  one  sent  out  in  1540  by  Don 
Antonio  de  Mendoza,  the  Viceroy  of  Mexico,  under  the  leadership  of  Fran- 
cisco Vasquez  Coronado. 


Pedro  de  Alargon  journeyed  up  to  the  mouth  of  the  Colorado  River 
by  sea,  and  examined  some  parts  of  the  Delta,  and  later  in  the  year  Coronado 
sent  Melchoir  Diaz,  with  a  small  party,  overland  from  Cora  zones  to  co- 
operate with  him.    Diaz  reached  the  river,  but  failing  to  meet  Alargon,  he 
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Caatlllo's  (the  Pltot  of  Alargon'a  Expedition)  Map  of  the  Gulf  of  C 
fornla  made  In  1541  and  published  by  Ixirenzana 
in  the  City  of  nfexico  in  1770. 


46 


CAHUILLA    BASIN 


crossed  it  on  rafts,  and  was  afterwards  accidentally  killed  while  on  the 
west  side.  He  has,  however,  left  an  account,  as  recorded  by  Castenada,* 
of  reaching  a  land  of  "hot  ashes  and  volcanic  rumblings,"  which  no  doubt 
refers  to  the  mud  volcanoes  near  Volcano  Lake. 

Castillo,  the  pilot  of  Alargon's  squadron,  made  a  chart  of  the  head 
of  the  gulf,  which  appears  to  have  been  first  published  by  Lorenzana  in 
Mexico  in  1770t  and  is  doubtless  the  earliest  authentic  map  we  have  of 
the  region.  Castillo's  interest,  however,  was  chiefly  that  of  the  mariner,  and 
he  made  little  attempt  to  portray  inland  features. 


^^»f*1l^*^^ 


ilP 


Detail   from   the  Rocque's  Map,   Showing^  the  Combined   Stream  of  the 
Colorado  and  Gila  flowing  into  a  lake  not  connected  with  the  Gulf. 

The  knowledge  gained  by  this  expedition  was  evidently  the  inspiration 
for  the  charts  of  all  the  early  cartographers  such  as  Joannes  Cimerlinus,t 
Plancius,§  Mercator,||  WytflietIF  Wytfliet's  map  shows  the  area  of  sand 
and  mud  banks  at  the  head  of  the  gulf  and  is  by  far  the  best  and  most 
interesting  of  these  early  charts.  Whoever  his  authorities  may  have  been, 
they  clearly  had  some  first-hand  knowledge  of  the  country. 

•"The   Journey   of   Coronado,"    Castafleda   de   Nagera,    translation   by   Geo. 
Parker  Winship,  Barnes,  New  York,  1904. 

f'Lorenzana    y    Buitron,     Historia    de    Nueva    EspafLa,     1770,"     in    British 
Museum. 

^British  Museum,  Maps,  70  d.  1.  1566. 

§British  Museum,  Maps,  920  (279).  1590. 

II A   copy  of  Merca tor's   Map  of  1569   is   to  be   found   in   the  library   of  the 
American  Geographical  Society  of  New  York.     It  is  included  in  Jomord's  Atlas, 
and  Shows  the  influence  of  Castillo's*  work  very  plainly. 

fBritish  Museum.  Maps,  71,  C.  7,  1598.     Another  excellently  preserved  copy 
of  this  map  is  in  the  library  of  the  American  Geographical  Society,  New  York. 


CAHUILLA    BASIN  47 

The  western  river,  which  figures  so  prominently  in  nearly  all  of  these 
early  maps,  although  it  appears  merely  as  an  estuary  or  entrance  to  a  lagoon 
in  Castillo's  own  chart,  is  clearly  meant  for  the  Hardy,  and  it  is  not  at  all 
improbable  that  in  the  days  of  these  early  navigators  and  cartographers  the 
Hardy,  the  Colorado,  and  the  comparatively  insignificant  channel  which  is 
now  known  as  the  Santa  Clara  Slough,  may  all  have  entered  the  gulf  by 
separate  estuaries,  and  each  carried  a  running  stream.  Indeed  there  is  some 
reason  for  surmising  that  this  latter  channel  may  at  that  time  have  con- 
stituted the  main  mouth  of  the  river. 

Spanish  interest  in  these  distant  and  inhospitable  lands  began  to  wane 
after  this  early  attempt  at  their  exploration,  and  it  was  not  until  the 
memorable  journey  of  Father  Kino  in  1702  that  any  real  addition  was  made 
to  our  knowledge  of  the  region.  Two  other  maps  of  that  general  period  are 
interesting  in  that  they  both  show  all  of  California  as  an  island.*  Kino's 
map,  which  is  carefully  drawn  and  fairly  accurate,  was  published  in  various 
forms  some  years  later,t  and  shows  two  mouths  to  the  Colorado,  but  as 
his  detail  to  the  west  of  the  river  is  obviously  less  complete  than  it  is  else- 
where, this  omission  of  the  estuary  shown  by  Castillo  may  be  regarded  as 

■ 

inconclusive. 

Father  Fernando  Consag  was  contemporary  with  Father  Kino,  and  a 
very  interesting  manuscript  map  showing  the  results  of  his  work  in  the 
gulf  exists  in  the  British  Museum.t  His  exploration  was  carried  on  by 
boat  and  extended  some  distance  up  the  Colorado.  Penciled  range  marks 
upon  the  original  map  indicate  that  his  chief  observational  station  was  upon 
the  south  end  of  Angel  Island,  and  his  survey  was  mainly  a  marine  and  coastal 
one. 

At  some  time  subsequent  to  the  journeys  of  Fathers  Kino  and  Consag, 
some  other  explorer  or  explorers  must  have  penetrated  the  region,  and  the 
result  of  this  work  is  to  be  seen  embodied  in  the  remarkable  map  of  John 
Rocque.§.  This  map  is  unique  in  several  respects.  The  unusual  accuracy 
of  its  detail  over  most  of  North  America ;  the  evidence  that  the  cartographer 
must  have  had  at  his  disposal  very  complete  sources  of  information  in 
regard  to  the  Southwest;  but  chiefly,  as  far  as  the  scope  of  this  paper  is 

♦One  by  Coronelli  (1688),  copy  of  which  Is  In  the  library  of  the  American 
Geographical  Society  in  New  York  City,  and  another  by  De  Fer  (1720),  which 
places  Alargon's  gulf  with  its  associated  rivers  at  about  the  center  of  the  strait 
which  separates  California  from  the  mainland. 

fA  New  Map  of  North  America,  by  Eusebius  Francis  Kino,  London,  1786. 
British  Museum,  699,  15  (31). 

tAdd.  MSS.,  17660  C. 

gBritish  Museum,  K.  118.  32.  A  divided  copy  of  this  same  map  also  exists  in 
the  library  of  the  American  Geographical  Society,  New  York. 
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concerned,  from  the  fact  that  it  clearly  shows  the  combined  streams  of  the 
Colorado  and  the  Gila  flowing  into  a  lake,  and  having  no  connection  with 
the  gulf. 

The  nomenclature  throughout  the  region  shows  knowledge  of  the  work 
of  Kino,  but  this  very  radical  feature  in  the  topography  is  clearly  due  to 
the  work  of  some  explorer  of  whose  work  we  as  yet  know  nothing  more. 

A  fairly  comprehensive  search  for  and  examination  of  the  early  maps 
of  the  southwest  has  been  made  in  the  hope  of  finding  some  conclusive 
evidence  of  former  fillings  of  the  Salton  Basin  within  historic  times,  and 
this  map  at  least  seems  to  indicate  that  such  a  diversion  of  the  river  water 
towards  the  west  has  been  known  to  travelers  at  some  time  between  1706 
and  1760.  With  this  clue  it  is  probable  that  further  search  may  result  in 
giving  us  positive  information  upon  the  subject.  A  common  tradition 
amongrst  the  Indians  of  the  region  points  to  the  fact  that  such  a  filling  of 
the  basin  has  taken  place  within  comparatively  recent  times,  in  which  the 
water  extended  "from  mountain  to  mountain." 

Father  Pedro  Font  traveled  in  and  explored  the  region  in  1776,  and 
doubtless  crossed  the  Colorado  Desert  at  least  twice,  and  also  reached  the 
shore  of  the  gulf  on  the  west  side  of  the  river.  His  map  shows  a  large 
irregular  opening  still  further  to  the  west  than  his  own  approach  to  the 
gulf,  and  here  again  we  may  have  the  western  opening  of  the  early  explorers, 
or  another  interpretation  of  the  Lake  of  Rocque.*  Father  Font  was  the 
last  of  the  Spanish  explorers  to  add  annhing  to  our  knowledge  of  the  delta 
or  desert,  and  his  work  was  followed  by  a  virtual  blank  of  over  fifty  years. 

Modern  Exploration. 

James  O.  Pattie  was  the  first  of  more  recent  explorers  to  reach  the 
head  of  the  gulf.  He,  with  his  party  of  trappers,  journeyed  down  the  lower 
Colorado  to  tidewater  in  January,  1828,  and  during  February  of  the  same 
year  they  crossed  the  basin  beyond,  on  their  way  to  the  Spanish  settlement 
at   San   Diego.t 

Lieutenant  Emory  marched  across  the  basin  in  the  latter  part  of  1848, 
and  seems  to  have  reached  the  shore  of  the  Salton  Lake.t 

Major  Heintzleman,  Commandant  at  Yuma,  visited  the  mud  volcanoes 
near  Volcano  Lake  in  1852,  and  these  were  afterwards  visited  by  John  Le 
Conte,§  and  others. 


•An  excellent  reproduction  of  Font's  map  is  to  be  found  in  the  "Diary  and 
Itinerarv  of  Francisco  Carets.**  by  Elliott  Cou^s.  F.  R  Harper.  New  York.  1900. 

t"The  Personal  Narrative  of  James  O.  Pattie."  of  Kentucky-.  Edited  by 
Timothy  Flint.  Cincinnati.  1S33. 

tXotes  of  a  "Militarv  Reconnaissance  from  Fort  Leavenworth  in  Missouri  to 
San  Diego  in  California,"  bv  W.  H.  Emorj*.  Govt.  Print    Washinarton,  1848. 

S "American  Journal  of  Science  and  Arts,"  voL  XIX,  May,  1855. 
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>        '       The  Pattie  Basin  Barrier. 

The  extensive  alluvial  region  which  forms  the  barrier  between  the 
g^ulf  and  the  Pattie  Basin  is  in  reality  a  continuation,  past  the  fiartial 
obstruction  offered  by  the  Gucopah  Mountains  afid  sundry  small  isolated 
hills,  of  the  main  delta  slope  until  it  has  met  and  become  incorporated  with 
the  shore  of  the  peninsula.  In  general  character  the  country  is  low  and 
fiaty;<;ut  into  by  numerous  tidal  channels  from  the  gulf  side,  and  subject  to 
much  tidal  and  river  overflow.  It  is  probably  but  few  feet  above  sea  level 
at  any  point,  but  as  no  detailed  surveys  or  observations  have  as  yet  been 
made  in  this  region,  our  knowledge  of  it  is  far  from  complete. 

THE  CAHUILLA  VALLEY. 

The  Salton  Sink. 

The  total  area  of  the  Cahuilla  Valley  is  about  8,000  square  miles,  and 
out  of  this  total  an  area  of  approximately  2,200  square  miles  lies  below  sea 
level  and  doubtless  still  represents  with  fair  accuracy  the  former  limits  of 
the  upper  extremity  of  the  gulf.  This  depressed  portion  of  the  valley  floor 
is  nearly  surrounded,  at  a  slightly  higher  level,  by  a  conspicuous  ancient 
shore  line;  and  as  thus  inclosed  and  defined  is  generally  known  as  the  Salton 
Sink.  Its  total  length  is  about  100  miles  and  its  greatest  width  35  miles. 
It  is  roughly  elliptical  in  form,  with  its  major  axis  extending  from  32**  35' 
N.  and  115°  20'  W.  to  32°  45'  N.  and  116°  15'  W.  There  is  a  break  in  the 
inclosing  shore  or  beach  line  of  about  14  miles  at  the  southeast  end  of 
the  ellipse,  and  this  space  has  been  the  entrant  point  for  an  immense  prism 
of  sedimentary  material,  which  has  almost  covered  the  floor  of  the  ancient 
gulf.  A  rough  computation,  based  upon  the  assumption  that  this  ancient 
gulf  floor  was  approximately  level,  gives  the  contents  of  this  prism  at  about 
17  cubic  miles,  this  volume  representing  the  amount  of  solid  matter  deposited 
by  the  Colorado  within  the  area  since  its  isolation  from  the  sea,  and  there- 
fore further  indicating  the  quantity  of  river  water  which  must  have  flowed 
into  and  been  evaporated  from  the  inclosed  basin  since  such  isolation  was 
accomplished. 

The  Ancient  Shore  Line. 

The  tides  in  the  head  of  the  Gulf  of  California  rise  to  a  great  height 

and   are   at   times   very  violent,*   and   this   energetic   tidal   action   has   been 

•The  tide  tabled  of  the.U.  S.  Coast  and  Gteodetic  Survey  give  the  rates  of 
range  between  the  entrance  to  the  Colorado  River  and  the  port  of  reference,  San 
Diego,  as  5.65.  The  extreme  tidal  range  in  San  Diego  is  about  8.50  feet,  so  that 
under  exceptional  conditions  a  tidal  range  of  8.50x5.65,  or  over  50  feet,  may 
easily  be  exceeded  at  the  mouth  of  the  river.  This  tallies  with  the  writer's  own 
observations,  a  range  of  over  45  feet  having  been  measured  upon  more  than  one 
occasion. 
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mainly  instrumental  in  building  up  along  the  surrounding  shore  line  strongly 
marked  beach  ridges,  raised  in  exposed  situations  to  heights  of  20  or  30 
feet  above  mean  sea  level. 

The  extent  and  character  of  the  beach  terraces  surrounding  the  Salton 
Sink  at  once  suggest  their  common  origin  with  the  above — ^the  same  great 
tidal  action.  With  the  exception  of  the  opening  mentioned  above,  the  beach 
line  around  the  sink  is  nearly  complete,  generally  conspicuous  and  discerni- 
ble from  a  great  distance,  and  about  235  miles  in  total  length. 

It  should  be  borne  in  mind,  however,  that  all  this  beach  material  must 
have  been  subjected  to  much  washing  and  rearrangement  by  lacustrine  wave 
action  since  the  cutting  off  of  the  basin  from  the  sea,  and  it  has  probably 
been  literally  rolled  and  pushed  up  the  shore  slope  in  the  exposed  situations 
in  which  this  action  has  been  most  vigorous  and  as  the  progressive  building 
up  of  the  delta  dam  has  raised  the  spillway  toward  its  present  height  above 
sea  level,  the  marine  shore  line  in  its  original  location  has  thus  been 
obliterated.  The  prevailing  winds  in  the  Cahuilla  Valley  are  from  the  west, 
and  we  may  therefore  find  that  a  great  deal  of  the  observed  difference  of 
level  in  the  shore  line  has  been  due  to  this  same  wave  action,  inasmuch  as 
there  is  a  general  discrepancy  of  about  15  feet  between  the  two  sides  of 
the  sink,  the  northeastern,  the  more  exposed  one,  being  higher  than  the 
southwestern  one,  which  has  been  sheltered  under  the  lee  of  the  mountains. 
The  shore  line  has  been  regular  and  unbroken  along  the  northeast  side  of 
the  former  lake,  but  upon  the  southwestern  one  it  has  come  against  the 
mountain  walls  in  several  places,  and  has  in  general  been  much  more 
irregular  and  diversified,  the  Superstition  and  other  mountain  masses  having 
thrust  forward  as  bold  promontories.  One  small  group  of  islets  has  existed 
about  midway  along  the  northeastern  side  of  the  lake,  and  about  6  miles  off 
shore  when  the  water  was  at  the  highest  level.  This  is  the  small  hill  ridge 
to  the  nor theast--of  Hurmid  Station  oa..the  raaiOLline  of  th^  Southern  Pacific 
Railroad.  It  still  bears  unmistakable  signs  of  having  been  subjected  to  the 
heavy  assaults  of  surf  for  some  considerable  period. 

Recent  History. 

A  good  deal  of  water  still  passes  through  both  the  Alamo  and  the 
New  River,  but  this  is  merely  the  overflow  from  the  irrigation  canals,  and 
it  is  quite  improbable  that  with  the  interests  now  at  stake  in  the  Imperial 
Valley  and  the  close  watch  kept  upon  the  river  by  the  engineers,  any  further 
uncontrolled  incursion  of  water  will  be  allowed  to  take  place. 
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In  the  region  of  the  lower  delta,  however,  conditions  are  very  different. 
Here  we  have  a  large,  wayward  and  silt-laden  river,  thrown  out  of  balance 
by  a  temporary  diversion,  and  always  hampered  at  its  mouth  by  great  and 
violent  tides,  wandering  at  present  virtually  unchecked  over  a  large  area  of 
friable  alluvium  with  downward  grades  in  several  directions. 

All  these  conditions  tend,  as  may  be  readily  imagined,  toward  a  condi- 
tion of  instability  and  possible  geographical  change.  In  fact,  it  is  probable 
that  even  if  the  Colorado  and  the  general  drainage  conditions  through  the 
Alamo  and  its  associated  channels  had  not  been  interfered  with  in  any  way 
by  the  operations  of  the  irrigation  engineers,  another  diversion  of  the  river 
water  towards  the  west  was  about  due  from  the  natural  causes  outlined  above, 
and  would  in  any  case  have  ensued  within  a  few  years. 

It  is  furthermore  evident  that  as  so  much  of  the  flow  of  the  river 
during  the  growing  season  of  the  early  spring  is  now  diverted  and  utilized 
for  agricultural  purposes,  and  as  the  bed  of  the  river  in  its  lower  reaches  is 
left  practically  dry  during  the  period  of  most  rapid  growth  of  the  delta 
vegetation,  its  obstruction  and  elevation  will  be  more  rapid  and  the  stability 
of  the  irrigation  and  protective  works  menaced  more  and  more  unless  adequate 
measures  are  taken  for  controlling  and  sorting  the  flood  waters  of  the  early 
summer  upon  the  upper  Colorado. 
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The  Colorado  River  Water  Shed, 
by  h.  t.  cory. 

Extent. 

The  water  shed  drained  by  the  Colorado  River  is  a  triangle  with  its 
apex  near  the  Yellowstone  National  Park  and  its  base  extending  from 
Yuma,  Ariz.,  to  about  100  miles  east  ol  New  Mexico's  southwest  corner.  Its 
altitude  north  and  south  is  about  800  miles  and  it  has  a  width  varying  from 
300  to  500  miles  with  an  area  of  approximately  262,500  square  miles.  This 
region  includes  about  one-fourth  of  Wyoming,  almost  the  western  half  of 
Colorado,  the  eastern  half  of  Utah,  one-sixth  of  New  Mexico,  the  whole  6i 
Arizona,  and  relative  small  portions  of  Nevada,  California  and  old  Mexico. 
Almost  one-fourth  of  this  territory  is  drained  by  the  Gila  River  which 
empties  into  the  Colorado  at  Yuma,  Ariz. 

For  map  of  the  entire  watershed  and  of  the  various  important  tributaries 
see  Fig.  1,  page  1207,  of  "Irrigation  and  River  Control  in  the  Colorado  River 
Delta,"  being  Part  IV  of  this  volume. 

General  Characteristics. 

What  is  known  as  the  Colorado  River  is  the  stream  formed  by  the 
confluence  of  the  Grand  and  Green  Rivers  in  the  southeastern  part  of  Utah. 
In  reality  the  Green  and  Colorado  constitute  one  continuous  river,  having 
an  entire  length  of  about  2,000  miles. 

Speaking  by  and  large,  the  lower  one-third  of  the  water  shed  has  an 
elevation  of  only  a  few  hundred  feet  above  sea  level  with  occasional  mountain 
ranges  rising  from  2,000  to  6,000  feet  high.  The  line  of  demarcation  between 
this  portion  and  the  upper  two-thirds  is  quite  distinct  and  consists  of  a 
vertical  oflfset  or  line  of  cliffs  presenting  a  bold,  and  in  many  places  almost 
vertical,  step  of  hundreds  up  to  thousands  of  feet,  to  the  upper  table  land 
or  plateau  above.  This  larger  portion  of  the  drainage  area  is  from  4,000  to 
8,000  feet  above  sea  level  and  is  bordered  on  the  north,  east  and  west  by 
snow-clad  mountain  ranges  which  reach  altitudes  varying  from  8,000  to 
14,000  feet  above  sea  level.  Through  this  higher  plateau,  the  main  river 
and  its  tributaries  have  cut  down  deep,  narrow  canyons,  the  most  remarkable 
erosion  in  nature  being  that  portion  in  northwestern  Arizona  known  as  the 
Grand  Canyon,  just  below  the  mouth  of  the  Little  Colorado,  and  the  Marble 
Canyon  just  above.  Generally  speaking  the  whole  plateau  portion  of  the 
drainage  area  is  traversed  by  a  net  work  of  these  canyons,  practically  all 
of  which  are  dry  during  the  greater  part  of  the  year — indeed,  except  when  the 


54  COLORADO     RIVER    WATER    SHED 

light  snow  fall  of  the  region  melts  and  runs  away,  and  during  the  brief 
seasons  of  flashy  autumnal  and  spring  rains.  Wherever  tributaries  enter 
the  larger  branches  and  main  rivers,  side  canyons  occur,  having  narrow  little 
valleys  in  which  are  found  willows,  cottonwood,  box  elders,  etc.,  but  with 
these  exceptions,  all  but  the  mountainous  regions  are  generally  forbidding 
and  desert-like  in  character. 

After  emerging  from  its  canyons,  the  Colorado  River  flows  through  a 
successions  of  valleys,  bordered  by  low  ranges  of  mountains  and  hills,  and 
separated  from  each  other  by  relatively  narrow  gorges  at  such  points  as  these 
mountains  approach  the  river  on  both  sides.  These  lower  river  valleys  begin 
a  little  above  Mojave  City,  something  more  than  400  miles  above  the  river's 
mouth,  and  end  at  the  Yuma  Valley,  which  begins  at  Potholes  and  is  prac- 
tically a  part  of  the  delta  cone.  At  the  relatively  narrow  gorges  just  men- 
tioned, one  would  naturally  expect  favorable  locations  for  dams  but  quite 
a  number  have  been  examined  with  respect  to  the  depth  to  bed  rock  and  in 
no  case  has  rock  been  found  continuous  from  one  bank  to  the  other  with 
borings  100  feet  deep.  In  its  course  through  the  lower  valleys,  the  river 
is  a  broad  shallow  stream,  generally  600  to  800  feet  in  width.  Whenever  it 
flows  within  the  alluvial  banks  of  recent  formation  it  is  at  or  above  a  bank 
full  stage  during  full  flood.  At  the  higher  stages  with  a  falling  river,  the 
tendency  to  cut  away  concave  banks  is  very  marked,  as  much  as  several 
hundred  feet  of  bank  being  cut  away  within  a  few  weeks  but  when  straight 
reaches  occur  they  often  remain  unchanged  for  a  considerable  period  of 
years. 

The  Drainage  System. 

The  drainage  system  is  made  up  of  the  Green  River  heading  in  Wyoming ; 
the  Grand,  originating  near  the  northern  Colorado  line;  the  San  Juan,  near 
Durango,  Colorado;  the  Little  Colorado,  in  western  New  Mexico;  the 
Virgin  River,  from  southwestern  Utah;  Bill  Williams  Fork,  from  Western 
Arizona;  and  last,  and  in  many  respects  the  most  important  of  all,  the  Gila, 
from  Arizona,  New  Mexico  and  Old  Mexico.  The  watersheds  drained  by 
these  rivers  have  distinctive  climatic,  topographical  and  geological  character- 
istics; the  variations  running  from  heavily  timbered  mountains  on  the 
highest  portions  of  the  Continental  Divide  to  the  most  forbidding  low  lying 
desert  areas  on  the  continent;  from  regions  world-famed  as  summer  resorts 
to  those  where  the  heat  equals  that  in  the  Sahara  Desert;  from  granite 
mountains  to  plains  of  silt  almost  as  fine  as  ashes.  The  channel  of  the 
Colorado   itself  varies   from   the   widest,   the   deepest,   the   longest,   and   the 
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grandest  chasm  on  earth — the  Grand  Canyon  of  the  Colorado  north  of 
Williams,  Ariz., — to  the  most  shifting,  wandering  and  erratic  of  beds  in  the 
softest  and  finest  of  alluvial  soil — from  Yuma  to  the  Gulf  of  Lower  California. 
These  are  but  a  few  of  the  remarkable  features  of  the  freak  river  of  this 
continent  and  possibly  of  the  world,  everything  considered. 

The  Green  River. 

The  Green  River  Basin  is  rudely  triangular  in  shape,  bounded  on  the 
north  and  east  by  the  Wind  River  Mountains  and  the  ranges  forming  the 
Continental  Divide ;  on  the  north  and  west  by  the  Gros  Ventre  and  Wyoming 
Mountains  and  the  Great  Wasatch  Range;  and  on  the  south  and  east  by  the 
White  River  Plateau  and  the  Roan  or  Book  Cliffs.  Its  greatest  length  north 
and  south  is  about  370  miles,  its  greatest  width  east  and  west  approximately 
240  miles,  and  it  includes  a  large  part  of  southwestern  Wyoming,  north- 
western Colorado  and  northeastern  Utah. 

It  contains  approximately  44,000  square  miles  and  its  altitude  ranges 
from  14,000  feet  at  the  highest  peaks  to  3,800  feet  where  it  joins  with  the 
Grand  to  form  the  Colorado  proper. 

The  Green  River  rises  in  a  number  of  small  lakes  fed  by  glaciers  and 
immense  snow  deposits  on  the  Fremont  and  nearby  mountain  peaks  on  the 
western  slope  of  the  Wind  River  Mountains  in  western  Wyoming;  then  runs 
in  a  general  southerly  direction  through  western  Wyoming,  across  the  Utah 
line,  then  turns  eastward  until  just  over  the  Colorado  line  into  the  State  of 
Colorado;  then  turns  abruptly  southwesterly  to  well  within  the  State  of 
Utah;  and  finally  southerly  to  its  junction  with  the  Grand  in  the  southeastern 
portion  of  Utah.  Its  length,  not  considering  the  smaller  turnings,  is  about 
425  miles. 

The  upper  part  of  the  watershed  is  extremely  rugged  and  fairly  heavily 
timbered,  the  stream  flowing  through  a  succession  of  long  deep,  narrow 
canyons,  with  walls  from  a  few  hundred  to  as  many  thousand  feet  high 
separated  by  short  valleys  containing  small  tracts  of  arable  land.  About 
one-eighth  of  the  Green  River  drainage  area  is  timbered  land,  chiefly  Engle- 
mann  spruce  and  lodge-pole  pine,  and  there  is  a  considerable  woodland  area 
in  addition. 

The  winters  over  the  upper  basin  are  severe  and  most  of  the  waterways 
are  heavily  covered  with  ice  for  several  months,  while  in  general  the  summers 
are  pleasant  and  cool  but  nevertheless  there  is  sufficient  warm  weather  for 
crops  with  a  relatively  short  growing  season. 
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Considerably  more  than  half  the  basin  is  broken  plains  on  which  the 
average  annual  precipitation  seems  to  be  about  9  inches;  over  the  remainder 
the  average  rainfall  varies  from  10  to  15  inches,  and  on  small  areas  in  the 
highest  mountains  increases  to  in  excess  of  20  inches.  On  the  plains  the 
winters  are  usually  open  but  there  is  ordinarily  an  abundance  of  snow  in  the 
high  mountains  and  in  many  seasons  immense  quantities  of  it,  the  melting  of 
which  keeps  the  stream  at  flood  stages  for  a  considerable  time  in  the  late 
Spring  and  early  Summer.  It  is  this  run-off  which  produces  the  annual 
Summer  flood  in  the  Lower  Colorado,  which  begins  about  April  1st,  reaches 
its  maximum  about  July  1st  and  goes  down  to  normal  about  August  15th. 

Excellent  reservoir  sites  are  found  on  the  headwaters  of  the  Green  and 
its  tributaries,  the  most  important  being  the  Brown  Park  site  on  the  Green 
River  in  Utah  and  Colorado  where  a  200-foot  dam  will  store  2,500,000-acre 
feet  Indeed  a  very  considerable  portion  of  the  flow  could  be  equalized  by 
storage. 

The  Grand  River. 

The  Grand  River  basin  extends  to  the  White  River  and  Book  Cliffs  on 
the  north;  to  the  Continental  Divide  on  the  east  and  southeast;  and  to  the 
Canyon  district  of  the  Green  River  on  the  west.  Its  greatest  length  north- 
east and  southwest  is  about  270  miles,  its  greatest  width  southeast  and  north- 
west approximately  155  miles,  and  it  includes  the  western  part  of  Colorado 
and  a  small  area  in  Utah. 

It  contains  approximately  26,000  square  miles  of  which  3,700  are  in  Utah 
and  the  rest  in  Colorado,  and  its  altitude  ranges  from  about  14,000  feet  in  the 
peaks  of  the  higher  mountains  to  3,800  feet  at  its  junction  with  the  Green 
River. 

The  Grand  River  has  its  source  in  one  of  the  high  peaks  of  the  Rocky 
Mountains  in  north  central  Colorado  and  flows  in  a  general  southwesterly 
direction  to  its  junction  with  the  Green,  traversing  350  miles.  All  of  its 
important  tributaries  enter  it  from  the  south  or  its  Rocky  Mountain  side. 
The  Grand  is  a  typical  mountain  stream,  watering  a  very  rugged,  mountain- 
ous region  especially  in  the  upper  portions  where,  like  the  Green,  its  course  is 
a  chain  of  deep  narrow  canyons  and  long  narrow  fertile  valleys.  Its  grades 
are  steep  and  the  tributaries  which  enter  it  are  rapid,  the  fall  varying  from 
20  to  100  feet  per  mile.  The  middle  section  of  the  basin  consists  generally 
of  broken  and  scarred  plateaus  of  sedimentary  origin,  while  the  lower  portion 
lying  along  either  side  of  the  western  Colorado  state  line  is  a  dry,  broken 
region  much  eroded  on  account  of  the  very  scant  vegetation.    The  upper  half 
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of  the  basin  is  at  an  elevation  of  from  7,000  feet  up  to  the  higher  figures, 
and  the  forest  covering  is  good  and  equal  to  any  along  the  Continental  Divide, 
in  spite  of  a  considerable  area  having  been  forested  over.  The  trees  are 
spruce,  quaking-asp,  cedar  and  piiion. 

The  climatic  conditions  of  the  Grand  River  drainage  basin  are  essentially 
similar  to  those  in  the  Green  River  basin,  namely;  severe  winters  and  cool 
summers  in  the  upper  part,  and  lower  down,  winters  fairly  open. 

In  the  upper  part  of  the  basin  there  are  extensive  meadow  lands  and  in 
the  central  part  there  are  numerous  areas  easily  irrigable  by  the  Grand  and 
its  tributaries.  The  precipitation  varies  from  5  to  10  inches  in  the  lower 
areas;  10  to  20  inches  in  the  central  portion;  and  up  to  20  and  30  inches  at 
the  very  head  waters.  Of  course,  by  far  the  greater  portion  is  snow  which 
melts  and  causes  high  water  in  the  Grand  River  at  very  much  the  same  time 
as  in  the  Green. 

Natural  storage  is  limited  to  a  few  high  mountain  lakes,  the  largest  of 
which  is  Grand  Lake.  There  are,  however,  storage  reservoir  sites  through- 
out the  region,  the  most  important  of  which  is  the  Kremmling  site,  the 
largest  in  Colorado,  which  is  located  near  the  upper  end  of  the  basin,  and 
where  with  a  230-foot  dam,  2,200,000-acre  feet  of  storage  could  be  obtained. 

San  Juan  River. 

The  San  Juan  drainage  basin  is  generally  elliptical,  being  225  miles  long 
east  and  west  and  170  miles  north  and  south,  and  contains  about  24,500  square 
miles.  The  river  rises  in  the  high  peaks  of  the  San  Juan  Mountains  in 
southwestern  Colorado;  flows  southwestward  into  New  Mexico;  there  turns 
sharply  to  the  west  and  northwest  and  runs  across  the  very  southwestern 
comer  of  Colorado  into  Utah;  and  then  westerly  about  20  miles  north  of  the 
Arizona  line  for  about  70  miles  to  where  it  enters  the  Colorado.  Its  sources 
are  the  snow  masses  on  the  San  Juan  Mountains  in  Colorado,  and  for  the 
first  75  miles  it  is  a  typical  mountain  stream.  At  Canyon  Largo,  New  Mexico, 
where  it  turns  west,  it  begins  to  flow  in  a  broad,  sandy,  winding  channel  in  a 
narrow  valley  bordered  on  each  side  by  terraced  mesas.  About  30  miles  below, 
where  it  crosses  into  Utah,  the  valley  narrows  and  the  river  flows  through  a 
deep  box  canyon  to  its  mouth.  It  drains  portions  of  Colorado,  New  Mexico, 
Utah  and  Arizona. 

The  altitudes  in  this  basin  range  from  over  13;000  feet  in  the  highest 
mountains  to  between  6,000  and  7,000  feet  at  the  Colorado  line,  5,300  feet  at 
the  mouth  of  the  Las  Animas  River  and  3,500  feet  where  it  enters  the  Colorado. 

Its  topography  ranges  in  type   from  the  mountainous  portion  at  the 
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headwaters  in  Colorado,  to  the  valleys,  plateaus,  and  eroded  mesas  typical 
of  the  Utah,  New  Mexico  and  Arizona  deserts.  The  timbered  lands  in  the 
area  aggregate  nearly  2,000  square  miles  of  merchantable  timber  and  400 
square  miles  of  woodland  and  sage  brush.  The  mountain  slopes  in  the 
vicinity  of  Durango,  Colo.,  which  were  originally  timbered  with  spruce  and 
yellow  and  white  fir  have  been  considerably  cleared  by  lumbering. 

Gimatologically  speakjng,  the  winters  are  severe  at  altitudes  greater 
than  7,500  feet,  while  below  6,000  feet  they  are  comparatively  open  and  mild. 

A  great  deal  of  land  in  the  San  Juan,  Animas,  Florida  and  La  Plata 
River  valleys  and  other  small  tributaries  in  Colorado  is  under  cultivation  and 
irrigation,  as  well  as  several  thousand  acres  in  New  Mexico.  In  Utah  and 
New  Mexico  the  average  precipitation  is  from  10  to  14  inches;  in  the  lower 
part  of  Colorado  about  15  inches ;  and.  it  ranges  up  to  25  inches  in  the  highest 
points  in  the  basin.  At  elevations  above  7,500  feet  most  of  this,  of  course, 
is  heavy  snowfall  so  that  the  late  Spring  is  the  period  of  annual  high  water, 
although  the  greatest  flood  on  record  occurred  in  September,  1909. 

There  are  numerous  small  lakes  high  up  in  the  mountains  which  tend 
to  equalize  the  flow  of  several  tributaries,  and  numerous  available  reservoir 
sites,  chief  of  which  is  the  Turley  site  on  the  San  Juan  River,  below  the 
mouth  of  the  Pine,  with  a  storage  capacity  of  about  1,500,000-acre  feet. 

The  Little  Colorado  River. 

The  drainage  area  of  the  Little  Colorado  River  consists  of  a  high 
plateau  extending  from  the  Continental  Divide  in  northwestern  New  Mexico 
westward  to  the  San  Francisco  Mountain  in  Arizona  and  from  the  Grand 
Canyon  of  Colorado  southwest  to  the  Mogollon  Plateau.  It  contains  approxi- 
mately 25,000  square  miles,  of  which  5,000  square  miles  are  in  Arizona  and 
the  rest  in  New  Mexico.  Its  altitude  ranges  from  4,000  to  10,000  feet,  being 
about  8,000  feet  at  the  rim  of  the  Grand  Canyon  at  where  the  river  discharges 
its  waters  into  the  Colorado.  The  high  parts  of  the  watershed  are  fairly 
rugged  and  timbered,  but  in  general  there  is  little  vegetation,  and  the  area 
largely  devoted  to  grazing,  with  small  irrigated  tracts  here  and  there  and 
widely  separate.  The  winters  are  mild  and  open  and  the  summers  are  hot 
and  long.  The  precipitation  of  the  region  averages  nine  inches  annually  and 
consists  to  a  small  degree  of  snow. 

The  little  Colorado  is  a  flashy  stream,  practically  dry  except  for  sudden 
violent  floods.  Excellent  reservoir  sites  exist  in  the  basin,  the  most  important 
of  which  are  at  Woodruff  and  St.  John,  Ariz.,  having  capacities  considerably 
in  excess  of  the  water  available. 
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The  ViRGiK  River: 

The  Virgin  River  is  the  only  stream  of  any  importance  entering  the 
Colorado  from  the  right  or  the  north  and  west  side.  It  heads  in  the  south- 
west portion  of  Utah  and  running  through  the  very  southeastern  corner  of 
Nevada  enters  the  Colorado  'Rivet  alK)ut '15  riiiles  ^est  of  the  Arizona  line. 
It  drains  a  watershed  typical  of  the  northern  Arizona  region,  having  an  area 
of  10,000  square  miles  and  an  elevation  of  2,000  to  10,000  feet.  Generally 
speaking  the  influence  of  this  stream  on  the  Colorado  River  at  ^ny  time  is 
relatively  insignificant. 

Bill  Williams  Fork. 

This  stream  drains  an  area  bounded  by  the  Juniper,  Tonto  and  Har- 
quahala  Mountains  on  the  south,  the  Chemehuevis  Mountains  on  the  north, 
and  has  a  total  area  of  5,500  square  miles.  None  of  the  region  is  timbered 
and  the  vegetation  is  very  scant.  The  elevation  varies  from  500  to  7,500  feet 
and  the  climate  is  hot  and  arid.  The  average  annual  precipitation  is  low  and 
the  stream  is  of  interest  in  connection  with  the  Colorado  River  solely  because 
of  the  tremendous  ruri-oflf  which  follows  very  heavy,  sudden  rain  storms 
throughout  the  region  when  the  flow  of  the  Colorado  itself  is  low.  In  this 
way  its  effect  upon  work  being  done  upon  the  lower  river  in  winter  time  may 
be  quite  large  and  serious. 

The  Gila  River. 

The  Gila  River  rises  in  west  and  southwest  New  Mexico,  running  in  a 
general  westerly  course  across  Arizona,  and  empties  into  the  Colorado  just 
above  Yuma,  about  25  miles  above  the  Arizona-Old  Mexico  boundary  line> 
Its  drainage  basin's  greatest  length  east  and  -w^st  is  about  400  miles;  its 
greatest  width  north  and  south  225  miles;  and  it  includes  the  southwest 
portion  of  New  Mexico,  the  southerly  half  of  Arizona,  and  a  (considerable  area 
in  Old  Mexico.    It  contains  approximately  64,600.  sq^iare  miles, 

The  mountains  where  it  heads  have  elevations  of  from  7,000  to  8,000 
feet  while  the  river  where  it  crosses  the  Arizorja  state,  line  has  an  elevation 
of  6,000  feet.  The  fj^li^f  the  river  is  consjdei^able  as  it  goes  west  unt;il  at 
Florence,  180  miles  farther  on,  where  the .  riverv  debouches  on  |he  plain,  it 
has  an  elevation  of  1,500  feet;  75  miles  west  of  this  point  it  is. joined  by  the 
Salt  River"  This  latter  stream  is  to  so  great  extent  ar different  river  that  the 
bed  of  the.i^ila  Jrom  this  p'oint  to  the  junction  with  the  Colorado  River  may 
properly  be  considered  as  a  "joint  track"  for  the  Salt  River  and  Gila  River. 

Both  the  Gila  and  Salt  drain  mountainous  desert  c<>lintEy,  where  tb^ 
winters  are  very  mild  and  the  summers  hot  and  arid.    Nevertheljess  there; .are 
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about  7,000  square  miles  of  merchantable  timber  and  11,000  square  miles  of 
woodland  scattered  about  on  the  higher  parts  of  the  drainage  basin.  On 
45,000  square  miles,  though,  there  is  no  timber  whatsoever. 

The  average  annual  precipitation  varies  from  less  than  3  inches  at 
Yuma  up  to  10  and  15  inches  for  the  higher  portions  and  rising  to  in  excess 
of  20  inches  in  the  highest  mountains  at  the  headwaters.  Nevertheless  the 
lower  reaches  of  the  Gila — that  ds  from  Florence  westward — are  ordinarily 
almost  dry  and  in  the  late  summer  frequently  absolutely  dry.  The  total  run- 
off  is  subject  to  remarkable  variation,  and  it  is  ian  exceedingly  torrential 
stream  in  which  short  and  violent  floods  may  occur  at  any  time  throughout 
the  year,  but  are  more  to  be  expected  in  the  late  fall  and  winter  months. 

These  violent  floods  in  the  Gila  and  in  the  Salt  are  far  more  to  be 
feared  and  reckoned  with  in  preparing  and  conducting  engineering  work 
along  the  Lower  Colorado  River  than  anything  coming  down  the  Colorado 
River  proper.  Relatively  unimportant  floods,  of  course,  occur  in  the  Colbrado 
proper  due  to  heavy  rainfall  over  the  drainage  areas  of  the  Little  Colorado 
and  Virgin  rivers  and  from  the  Bill  Williams  Fork.  Its  only  serious  floods, 
however,  are  those  due  to  the  melting  snow  on  the  higher  portions  of  the 
Green,  Grand  and  San  Juan  watersheds.  These  latter  always  come  up 
slowly  and  their  time  of  occurrence  and  their  extent  can  be  accurately  known 
for  considerable  time  in  advance,  because  of  the  excellent  information 
obtainable  from  the  Weather  Bureau  concerning  the  condition  and  amount 
of  snow  and  the  weather  conditions  over  the  various  parts  of  the  drainage 
basin;  the  considerable  time  required  for  flood  waves  starting  in  the  upper 
regions  to  reach  the  Lower  Colorado,  and  the  modification  of  flashy  flood 
waves  from  above  before  reaching  Yuma. 

On  the  other  hand  the  Gila  and  Salt  have  their  period  of  so-called  but 
indifferently  high  water,  usually  occurring  in  the  late  summer  and  early  fall, 
due  to  the  summer  rain  throughout  the  region,  at  a  time  when  the  Colorado 
proper  is  low.  The  low  water  season  in  the  Gila  and  Salt  occurs  in  June  and 
July  when  the  Colorado  is  in  its  annual  summer  flood.  The  widespread  and 
intense  precipitation,  however,  which  often  covers  large  portions,  and  occa- 
sionally almost  the  entire  watershed  of  the  Gila  and  Salt,  throws  immense 
quantities  of  water  into  the  steep  winding  river  bed  and  causes  floods  which 
come  and  fall  with  almost  incredible  rapidity.  The  hydrograph  of  the  flood 
of  November  29,  1905,  as  indicated  in  Plate  XLVII  facing  page  1290  of 
Part  IV,  shows  the  river  rose  at  Yuma  at  the  rate  of  a  foot  an  hour  for 
about  10  hours  and  fell  with  almost  equal  rapidity  to  about  one-third  the 
peak  discharge. 
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As  a  natural  consequence  of  such  sudden  rises,  the  oncoming  waters 
become  heavily  laden  with  large  quantities  of  drift-wood  and  silt,  picked  up 
from  the  wide  stretches  of  bottoms  through  which  they  pass;  but,  when  the 
river  falls  again  rapidly,  much  of  this  drift  becomes  stranded  in  the  bed  and 
is  left  ready  for  the  next  flood.  The  drift  passing  Yuma  on  November  29, 
1905,  just  before  the  peak  of  the  most  violent  flashy  flood,  since  complete 
records  have  been  kept,  was  reached,  almost  completely  covered  the  water 
surface. 
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From  almost  every  point  of  view,  the  Lower  Colorado  River,  and 
particularly  the  Colorado  Delta,  is  extremely  interesting.  Ever  since 
its  examination  and  description  by  members  of  Lieut.  Williamson's 
exploration  party  in  1850,  the  various  features,  geological,  geographical, 
anthropological,  engineering,  and  otherwise,  have  been  written  about. 
In  1905  the  diversion  of  the  Colorado  River  into  the  Salton  Sea  and 
the  events  which  followed  it  were  so  spectacular  as  to  result  in  world- 
wide notoriety. 

While  engaged  in  re-diverting  the  river,  the  writer  became  im- 
pressed with  the  fact  that  the  experience  and  information  obtained 
should  be  made  available  to  the  Engineering  Profession,  and  since 
then  he  has  constantly  been  gathering  data  to  that  end.  In  February, 
1907,  a  general  paper  on  the  subjectf  was  contributed  to  this  Society 
by  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  then  Consulting  Engineer  to 
the  Secretary  of  the  Interior  in  United  States  Reclamation  Service 
matters;  so  that,  before  giving  detailed  information,  it  seemed  best 
to  wait  until  time  should  have  revealed  the  strong  and  weak  points 

*  Presented  at  the  meeting  of  January  8th,  1913. 

t  "The  Lower  Colorado  River  and  the  Salton  Basin,"  Transactions,  Am.  Soc.  C.  E.. 
Vol.  LIX.  p.  1. 
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5f:  Construction  and  methods.  "  Since  then,  eiqserience  wil^  the  control 
of  the  Lower  Colorado  River,  and  as  local  executive  head  of  the 
ImmeB^e  irrigation  project  of  the  Imperial  Valley,' has  brought  the 
eonelusion  that  the:  tairious  possible  ▼icissitiides  of  irriglttion:  enter- 
prises in  the  United  States  have  been  so  well  exemplified'  in  tlie  region 
as.  <ta  jusitlfy  setting^  f 6vth  such  espeHence  in  Don6i^]*able  4etail. 

Ordinarily,  more  information,  is  secured^  from  failure:  than  from 
success;::  kjonsequently,'  •  no  apology  should  be'  due-  for  .pointing  out 
failures  : an 'welL  AS  succesbes' in  &  paper,  the  functions,  of  whieh  «re 
primarily- to!  furaisbuBefni  engineeiing  information.      i     • 

•  •  . '         '    .  -  *  ,1  .  <      '      •  •  •  '•  '  ••  • '  •  '  ■'  •  I  '     •  ." 

The.  Colorado  Riveb. 

Tiae  United  .States  Geological  Survey  has  observed  the  discharge 
of  V the  .Oolqrpdo  and) its  several  tributaries  since  18d&,  and  the  results 
are  Ho  be  f  ouiid  in  ite  Aiinual^  Reports  and  later  in  the  Water  Supply 
and  Irxtgation  Paper^  especially  Nos;  249  aiid  269,  on  the  Coloriado 
Riv^  BasizL-  At  varsorus' times  169  gauging  stations  have  beeiti  main* 
tadndd,  and  .thie^  arer'76  at  presemh     . 

Generdl  Discharr^  Gkaracteri^ica, — ^From:  the  data  obtained  at 
these  stattibns,  ^e^  discharge  characteristies  of  the  tributaries  and  mkih 
Colorado  River  are  pretty  well  determined  >  The  discharge  records 
of  the  Green  River,  at  Green  River,  Utah,  the  lowest  gauging  station 
above  its  mouth,  and  where  the  drainage  area  above  -it  is.  88  200  sq. 
milesi  indicate  •  a  tnazimum  £ow  of  abotit  75  000  sec^f  tJ,  a  'minimima 
flow'  of.  about  ..700  ■jaBc-ift.i. and  an:  average  annual  nm-off"  of  about 
5000000  acretft:*  The  .greatest  discharge' is  in  Jtine,  av^eraging  about 
1600000  acre-ft.;  the  annual  rise< -starts  about  April  list,  reaches-  its 
peak  in.  thai  middle  of  Jiine,  and  has  passed  by  Auguitlst.*        ' 

Thid  data,  obtained  on : the*  Grand  River  indicate  a  proportionately 
great  run-off  and  very  much  the  same  distributibfi  thifOughbut  the 
year.  The.  recorde-,.."taken  at  Turifey,  :N.  Mex;,  on  tiie  San  Juan  River 
untit  December,  19018^  and- siri^e  then  at  Blaico,?  indicate  an:  ordinaiy 
fioad-.maximum  of  :ab(i>G^.  IdOiOO:  sec-ft;,  :a:minhnim  of-  75  seo^ft.,'  and 
an  average :  annual > disohar^^  of  1 600000  > aor^-f t./- but'  tHth ■  a  'inudi 
longer  period  of  gumnier'^od.than  in  the  G^een  and  Grriiid.   ' 

The  miaxi^uin  flood  discha;iiBtQ  ol  the  Little  CJoferadowhien  it  enters 
the  Golopado:R£ve?f  ianot knawn,  butis probably  abouft  50'00©ijeo-^t/  *Thi6 
floods  are  short   and  violent,   and:c&«ty  lai?^e  ^uatttltife*^  ftf  silt '  in 
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suspension,  m  wbieb  regard  the  stream  is  similar  to  the  Gila  and  Salt 
Kivers. 

The  Gila  at  Yuma  is  often  dry,  and  hfts  a  mazimuni  flashy  flood 
disoharge  of  •  probably  185  000  sec-ft.  with  a  total  avearage  annual  run* 
ofl  of  2  760000  acre-ft.  Flashy  floods  haive  been  known  to  occur  in 
every  month  of  the  year  except  May,  June,  and  July,  at  which  times 
the  Colorado  has  its  maximum  flow.      . 

Power.^— Excellent,  reservoir  sites,  have  been  found  on  the  head- 
waters and  along,  the  main  channels  of  the  various  tributaries,  by 
utilizing  which  a  considerable  portion,  of  the  flow  could  be  stored  for 
power  and  irrigation.  Such  storage  would  equalize  the  discharge, 
that  for  power  having  the  greater  relative  influence.  There  are  at 
present  no  water-power  plants  of  any .  importance  whatevier  in  the 
whole  drainage  area  of  the  Green  BiVer.  A  total  of  approximately 
40  000  hwp.:  has  been  developed  in  the  Grande  7  000  in  the  San  Juan, 
and  20  000  in  the.  Gila  Basin,  in  connection  with  irrigation  construc- 
tion. No  data  seem  to  be  available  as  to.  the  amount  of  energy  which 
it  is  commercially  practicable  to  develop  undier  existing  conditions 
on  these  various  streams — it  is  obvious  that  there  must  be  a  vast 
diflerence  between  the  figures  for  theoretically  possibte  and  for  com- 
mercially feasible  developments. 

Irrigation,' — The  water  of  the  streams  making  up  the  Colorado  is 
already  utilized  for  irrigation  to  a  considerable  extent.  Thfe  oldest 
and  largest  devel4^ment  in  the  basin  is  perhaps  that  on  the  upper 
Green  Biver,  in  Wyoming. .  Becently,  large:  irrigation  systems  have 
been  constructed  in  the  Duchesne  Biver  Basin,  and  there  is  consider- 
able irrigation  around  Vernal,  and  also  Green  Biver,  Utah.  Along 
the  White  and  Yampa  Biv-ers,  in  Colorado,  meadow  irrigation  is 
extenaiyely  practiced,  and  projects  are  on  foot  for  the  irrigation  of 
from  200  000  to  300  000  acres  in  this  section. 

Similarly,  in  the  Grand  Basin,  there  are.  extensive  meadow  lands 
in  the  upper  part,;  and  a  half  dozen  small  projects  in  contemplation  for 
the  Middle  Basin  which  together  would  irrigate  about  35000  acres. 
In  the  Lower  Basin  is  the  Grand  Valley  Project,  covering  an  irrigable 
area  of  7O000  acres,  and  the  Fncompahgre  Valley  Project,  which, 
when  completed^  will  irrigate  about  150000  aicres,  both  by  the  United 
States :  Bedamation  Service.  Under  other  schemes,  from-  40  000  •  to 
50  000  acres  mOne  will  be  irrigated^ 
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Quite  a  little  land  along  the  San  Juan,  Animas,  Pine,  Florida, 
and  La  Plata  Bivers,   and  the  small  tTibutariea  of  the  San  Juan, 

of  valley  land  in  New^exico,  but,  da  jet,  irrigation  has  largely  been 

confined  to  the  bottom  lands^  The  greatest  probabUftt  of  future  irri- 
gation development  in  this  basin  is  in  San  J.uikji  Couiil7>.I|ew  Mexico, 
where  it  ia  said  that  probably  I'QOOOOO  acres  of  fettile  lands  are  excel+ 
lently  adapted  for  iMigation  und  for  which  the  water  supply  is  ample. 
The  average  annual  run-off  at  Turjey  dam  sitB-js-  probably  more  than 
1000  000  aere-ft,,  the  i^ervoir  attliat  point- baTing- a  eapHOity  of 
1  BOO  000  acre-ft.,  and'  the  total  stream  flow  at  Shiprock,  below  the 
mou^s-of  -the  Las'Animas  and  La  Hfita  Rivers,  is  more  than  3  000  000 


are  now  irrigated. 

Along  the  Colorado  River  itself  there  are  storage  sites  at  Bull- 
head Point  and  at  another  point  about  6  miles  above  the  Laguna  Dam 


(I 
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itm 


near  Ym^^  wl^Je  ithere  axe  i^igabte  laods  bp3twmi„34^lM^y.e.ap4  T^w* 
aggregflting  84^me  4O00O0  aoves;< 

Table  1  is  a  summary  of  ii\e  areas  ah(r?e.YiUB4^  iwlfich  are  qq^ 
imgnt/^'in  ;^  tecl^pical .  fse^ise,  aHbpugli  .muc}^  <;Kf,this  territor^^v  ^^ 
doubts  Mi>wat^e4  ^^  a  Y<9ry  uBsatisfactoiiy  ii^ annei^v . 


'  TAfiLK  li 


■  «  ■   '  ■■   I f »  1 1  I  ^1  »j       ,  *  «  ■  ■  f  ■  I t'H  t  »  »i       ■  «  ■  I  I  ii  I 


I «  f       »  '» 


I  I »       n  ■  .  I — 4~ 


,nifitisloti 


'  I.'   t 


^  '  ■  I    '  ■  1 


.  1 4   , 


Gfi'eeli  River  and  triBut&riea ',..'...'... 

Qrand  River  and  tributaries 

Fremont  River 

San  Juan  River  and  tributaries 


Little  OoIeradQ  River  and  triltutaries ^ . 

Vtr^B River.-    '      '     •■  ,v     -.     ..• 


•••••••• 


Gila  River  and  tributaries ^ . . ..  > , , ,  ^. 

Scattering  (other  tributaries! ........ .1 .............. ; 


.  '"..  . 


~  t  ■  i  »  V  *  *  '  *  >  J 


iAeetmi 


19  000 
8S5  000 

805  0(10  , 

16  600' 

57  000 

.12  000 

'  16  •0(10 

S30  000 

*!  500 

Acreb 


>■  f  ■'■».  I ;  ■  n  I .  t'\'\  i''< 


t    .  ; 


)  ■••■»•'■•.,  • .     ,  I  1  '•. » 


917  500 


Additional  Irrigablb  Lands  above  the  Yuma  Yalley. 


Above  the  Grand  Cafion 

Colorado  River  Valley  below  Mohave. 
The  Qila  Drainage.  Basin 


450  000 
iW  0(10 
^00  000 


1  S50  000 


T  :  ■■    ■" 


Irrigable  Lands  in  the  Delta. 


Tuma  Project '. 

Imperial  valley  io.  the  United  States 

Imperial  VaJley  in  Mexico 

Other  landslnMexjco— east  of  the  Colorado, 


"1  *  ■ » 


90  000' 
600  000 
800  OOO 
200  000 


,  r 
I  190  000 


Qrand  total .  i 


't   :.':■■■ 


8  857  500  acres. 


II  I  .1 


TABU!  2. — Approximate  Storage  Possbnlities  of  the  Basin. 


' "t^ ■   ^ « 


^^^■^f   m  w    ■   f   ■  r  ■'    i'*^»^*^ 


Green  River,  including  th,e  Brown  Park  Reservoir  site. 
Grand  Rlvctr^  ine^udlng  4ii6  &eminlbig  Reservoir  site. . 

Little  Colorado 

BUlWlllianmFork.'... 

San  Juan 

Vifl<gtn  Biyer*  •  •' ,. .  .1. . . . . .  ^ r.'.-. j. . .» . 

GRla  River 

Col(u"ado,  below  MohavB^^nd  Hibov^  Yuqoa^ 


.-•f^ 


•  <i 


TT 


Total. 


Acre-feet. 

:  . .  .  '  1 ' 
3  000  000 

.  8  ;oo(^  tiue 

50  000 

AOQOOO 

1  500  000 

^500  000 

10  150  000  + 

It  must  |be  l^OTue  in  mind  that  all  the  figures  in  Tables  1  and  2 
are  for  developments  which  are  theoretically  possible,  and  tliey  woul^ 
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haVe  to  he  more  or  lesd  seriously  reduecfd  to  be  coihrect  f  or  eomiiiercially 
feasible  deyelopments,  on  account  of  the  excessive  '^st  and  the 
formidable  cha!raetjer  of  the  silt  probliBmi 

Discharge  a^  Fttwut.-— ^Observations  of  this  giiXige  heights  of  the 
CJolorado  River  have  been  made  by  the-  Southern  taeific  Gttmpan:^ 
on  its  bridge  at  Yuma  since  1?78.  :Tbi$  U.  S.  Greological  Survey  has 
maintained  a  gauging  station  at  this  point  since  1895,  using  rating 
curves  for  discharge  reductions  until  1902,  sinoe  which  time  careful 
current-meter  observations  have  been  made  every^  3  or  4  days.  Table 
3  contains  the  data  thus  collected  for  the  18-year  periojd,  1894  to 
1911,  reduced  to  averages. 

TABLE  3. — Annual  Discharge  of  Colorado  River,  at  Yu!ma,  Awzona, 

FROM  1894  TO  1911,  INCLUSIVB..  .  . 


tf«K 

.  Dfeuiv  in  cubic  leet 
per  second. 

.  '    Total 
acre-feet. 

1894 

7400 

9900 

9000 

12  400 

'       lardoo 

9  400 
11  700 

8400 
15  600 
18  900 
27  800 
26  800 
85  100 

18  900 
85  800 

19  700 
24  600 

5  890  000   • 

7  1«2  OOO 

6  515  000 
9  039  000 
6  581  000 

8  870  000 
6798  000 
8  495  000 
6  127  000 

11  829  OX)- 
10  119  000 
19  710  000 
19  475  000 

25  500  000 
18  700  OUO;. 

26  000  000 
14  885  000 
17  839  000 

.     •  ■ 

■  1  •  '1  ■    1  '  ■  ■ .  ^ 

■ 

Y896 

»    1 

1896 

1897 

1898 

1899 ! . . 

1900 

1901 

1902 .'.... 

. 

1903 : . . 

, 

1904 

, 

1905 

^  ,  • 

1906.  

1907 

1906 

1909 

1910 

1911 

Mean  .........>.. 

17  070 

12  888  000 

.. 

The  miQimum  annual  discharge  was  observed  in  1894,  and  the 
maximum  in  1909.  The  disoharge  has  been  strikingly  greater  since 
1902  than  for  previous  years,  but  too  much  dependence  -should  not 
be  placed  on  the  data  obtained  prior  to  1902,  at  v^hich  time  very 
frequent  current-meter  observations  were  commenced.  The  Jo'^est  dis- 
charge was  probably  2  400  sec-ft.  in  January,  1894,  the  average  for  that 
month  being  only  2  510  sec-ft. ;  the  greatest  was  149  500  sec-ft.  on  June 
24th,  1909.  The  smallest  total  discharge  for  one  month  was  154100 
acre-ft.  in  January,'  1S94,  and  the  greatest  was  6  250000  aere-ft.  in 
JTune,  im.  ■■■■'■ 
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TABLE  4. — ^MtAN  Monthly  Disoharob;  of  C<HiOBADO/  BivfiB, 

189i4  TO  1911,  Inolijsive.  .      . 


Month. 


■^       >      > 


January... 
February . , 

March 

April 

May 

June 

July 

August;.'... 
September 
October.... 
November . 
December.. 


Totals. 


Cubic  feet  per 
second.  •     - 


7  340 

8870 

12  880 

16  880 

81  280 

50  500 

29  63(1 

IB  500 

98H) 

8460 

6660 

7060 


Total,  mean  month Ijr^ 
in  acre-feet.,    . 


460  400 

460  900. 

787  800 

.978^00 

2  104  200 

3  000  OOQ. 
1  819  200 

882  700 
586  900 
.  519  000 
895  000 
433  200 


12  869  400 


The  record  for  1908"  is  given  by  months  in  Table  5  as  typical 
of  the  monthly  variation.  The  lesser  disturbances  icraugied  by  the'fl6<^ds 
from  the  Gila  in  the  auttimn  are  vei^  ^«11  shown  J  iii  this  <^sd,  the 
maximum  discharge  from  this  soiirce  occurs  in  December;' instead 
of  Jrom  th(B  Colorado  in  June. 

TABLE  5. — Monthly  Discharge  of  Colorado  River 

•  ■  ■    ■  •      ••  '         .  ■.  .         .        :•:•■■>•'        •■.: 

AT  Yuma,  Arizona^  for  1908. 
.   ■  ■   .       '  •    :       •  ■  •  .       .       •'•:•••      '     .■•.••..< 
(Drainage  area,  260  000  sq,  miles.) 


t*  w  *     *■*   *■    * 


1 

DlBOBARtrCiH  SKcoHi^rnn*..   ' 

Bite-Xi)anr..:> 

Month. 

-.— 1 -; .., 

MftTfmutn. 

•  1        ■ 

,    r 

Minimum. 

.  •        •    ■ 

Mean.  * 

•     1        * 

..    •       .  '  , 

I^Mqare 
mile. 

»           • 

Depth,  in 
inobes,  on 

drainage 
.    a|*ea..  . 

:   Totals  In  : 
acre-f6^t. 

January ,,.,,.,,.  ^ 

7400 
45  000    . 
8*UW    • 

35  000 
88O00 
61  700 
68800 

36  100 
1»  800 
20  600 
10  200 
72  500 

5600 

6  300 

lO'lOO 

12  900 

•  28  000 

.    30000 

18000 

18  600 

7000 

6  600 

6  .000  \ 

6000 

•        •          1        »  ' 

6820 

14  200 

16  100 

17  800 
27  200 
42  900 
82600  • 
24  300 
11  400 

9  510 
8090  . 

15  900 

•    • 

0.028 

0.068      . 

■    0.079 

0.079 

0.121 

0.191 

0.140 

0.107 

.     0.051    . 

0.042 

.  Oj088' 

0.071 

0.08      ■ 
.  0.07 
0.08  ■ 
0.09 
0.14: 
0.21     . 

;    0.17 

0.12 

0..Q8 

0.05 

.0.04. 

O.GB 

1        . 

'    '    889  000' 

February 

March.  I 

817  000 
990  000 

April ,.... 

May 

1060  000 
:     1  690000 

June 

July ....*..:. 

August 

2550  UOO 

■  «  000  000. 

1  490  000 

BeptembW .;...'.'.; 
October 

67aooo. 

585  000 

Novmnnber......'.; 

December 

.4aiooo. 

978  000 

•  1  1    •        *    " 

1           '  •    •          •  1        * 

The  year..... ^.' J.. 

TJI'BOO 

''     5(800 

18  900 

0.0»-; 

1.14 

•ISTdO.OOO- 
••■    'I'M ' 

Necessity  for  Storage.T-lhQ  figures  for  the.  discharge  at  Yuma  show 
that,  in  an  'Ordinary,  dry  year,  the  Colorado, .  without  regulation,  will 
serve  an  are*  mot  greatly  exceeding  500  OOQ  acres.    On. 'the  other  hand,  in 
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an  oi^inary  dry  year,  willi  fairly  complete  regnlation — ^that  isy  with 
2  000  000  acre-f t.  of  water  storage — ^this  river  will  serve  1 500  000  acres, 
aiid  any  supply  held  over  from  wet  to  dry  years  would  add  to  the  reserve. 
It  is  eonserrative  to  assume  at  present  that  no  reservoir  site  on  the 
Colorado  below  the  Grand  Canon  can  be  utilized,  on  account  of  the 
apparent  absence  of  rock  foundations  for  dams  in  the  riv^r,  and, 
even  if  other  things  were  favorable,  the  tremendous  quantity  of  silt 
in  the  water  means  a  heavy  reduction  in  the  reservoir  capacity  which 
could  be  obtained.  Indeed,  it  has  been  seriously  suggested  that  by 
the  construction  of  a  series  of  such  dams,  the  silting  up  would  in 
time  create  large  areas  of  excellent  land,  one  above  the  other. 

Above  the  Grand  Canon,  the  Kremmling  Keservoir  site,  on  the 
Grand  River,  and  the  Brown  Park  Reservoir  site,  on  the  Green  River, 
would  togeth^  storci  approximately  4  500  000  acre-f t.,  and  thereby 
add  milch  more  than  1 000  000  acr^  to  the  irrigable  lands  of  the 
Arid  West.  Wheij.  it  is  ao^nsidered  that  the  present  irrigated  ar^a  of 
Southern  California,  exclusive  of  the  .Imperial  Valley,  is  less  than 
300  000  acres,  the  potentiality  of  storage  ^long  the  Colorado  is  startling. 

Another  very  important  feature  of  water  storage  along  the  river 
is  the  marked  effect  it  would  have  in  decreasing  the  diJfficulty  of 
controlling  the  Lower  Colorado  River.  Levee  construction  and  bank 
protection  must  obviously  be  designed  to  guard  against  maximum 
floods,  and  it  is  these  whidi  the  storage  basins  would  affect  to  the 
greatest  degree.  The  completion  of  the  Roosevelt  Dam,  which  will 
hpld  bftck  1 100  000  acre-f t*  on  the  Salt  River,  will  in  future  un- 
doubtedly reduce  to  a  considerable  extent  the  dreaded  floods  from  the 
Gila  River. 

Rise  of  the  Bed  ai  Yuma. — If  the  measured  discharge  of  the. river 
at  various  heights  is  used  in  making  a  rating  curve,  and  this  curve 
is  extended  back,  by  means  of  the  gauge  readings,  to  1878,  the  results 
virould  indicate  that  the  quantity  of  water  formerly  passing  Tuma 
was  materially  less  than  at  present.  As  a  matter  of  fact,  the  average 
low- water  plane  has  constantly  risen,  and  a  comparison  of  the  gauge 
heights  by  10-year  periods  beginning  with  1878.  showd  the  following 
,  average  elevations: 

1878  to  l«89:..v.; ..:....,......^  114.6  ft. 

•i  189(3   **  l«de., ..,-*.;■...     il6i6  ^^ 
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The  low-water  plane  at  the  end  of  1909,  howeyer,  was  3i  ft.  lower 
than  during  any  of  the  six  preceding  years,  which  included  the  period 
of  diver&ion  into  the  Salion  Sea.  Indeed,  it  was  lower,  hy  more 
than  1 J  ft.,  than  20  years  ago,  and  only  0.8  ft.  higher  than  during 
1878-79.  The  reasons  for  this  interesting  condition  of. affairs  will  be 
condidered  later. 

Following  conventional  practice,  the  endeavor  was  made  for  a 
long  time  to  establish  a  rating  curve  for  the  Yuma  gauging  station, 
but  this  wars  found  to  be  impossible.  The  reason  is  that  the  bed  is 
eroded  during  high  water  and  silted  up  during  lower  stages,  thus 
futidamentally  changing  the  cross-section,  not  only  for  different  gange 
heights,  but  for  the  same  gauge  heights  at  the  beginning  and  end  of 
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a  high-water  period:  'l?he  reason  for  the  exaggerated  extent  of  such 
action  •  id  as  follows :  The  Ooldrado  at  all  tim^  carries  considerable 
silt,  the  ^ttantity  and  character,  of  course,  depending  on  the  velocity 
of  the  Water.  Assuming  a  given  discharge,  and  conditions  of  equi- 
Hbrium,  the  bed  of  the  river  will  haye  a  given  slope,'  the  water  will 
have  a  certain  velocity,  atnd  will  carry  a  certain  quantity  of  sediment, 
lione  of  tvhich  will  exceed  a  definite  size  or  specific  gravity.  J£ 
the  volume  of  water  increases,  the  water  section  and  hydranlic  radius 
will  increase,  and  will  tcjsnlt  in  greater  velocity,  which  will  give 
greater  silt-carrying  capacity:  Conditions  at  the  outfall  or  mouth 
are  determined  iaiid  temporarily  unchangeable,  therefore  it  follows 
that  the  gtbide  of  the  river  will  automatically  tend  to  flatten  itself  by 
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picking  up  additional  qualitities  of  silt  and  carrying  them  along. 
When  the  volume  of  water  decreases,  the  velocity  will  slacken^  re- 
sulting in  carrying  less  silt,  and  the  bottom  will  rise  with  xnoreasimg 
slope  until  equilibrium  is  again  established.  This  condition  >  of  af- 
fairs results  in  surprisingly  great  changes  at  Yuma  during  k)ng  periods 
of  high  water.  In  1907  and  again  in  1909  it  was  found  that  for  an 
increase  of  10  ft.  in  the  gauge  height  there  was  a  lowering  of  ,th6!  bed 
of  approximately  30  ft.,  making  the  total  increase  in  depth  .oi  water 
almost  40  ft.  In  other  word&,  the  grade  line  drawn  from  the  bottom 
of  the  channel  at  Yuma  to  the  average  water  surface  in  th^>  Gulf  of 
California  had  30  ft.  more  fall,  from  Yuma  down,  at  the  beginning 
of  the  summer  floods  of  1907  and  1909,  than  when  the  peaka  had  just 
been  passed.  A  few  weeks  after  the  first  of  these  floods  had  entirely 
passed,  the  bed  of  the  river  had  been  restored  to  its  usual  low-water 
position. 

When  flashy  floods  occur,  there  is  not  sufficient  time  for  this 
action  to  take  place  to  a  marked  degree,  and  therefore  the  flashy 
rise  of  November  28th,  1905,  having  an  estimated  discharge  of  only 
115  000  sec-ft.,  reached  a  gauge  height  of  31.3  ft.,  whereas  the  maxi- 
mum discharge  in  the  summer  flood  of  1909  was  149  500  sec-ft.  and 
the  gauge  height  was  only  29.2  ft.  In  other  words,  the  flashy  floods 
do  not  have  time  to  render  the  river  channel  more  efficient  before 
the  maximum  demand  is  made  on  it.  ^ 

The  increase  in  the  gauge  height  of  the  low-water  plane  is  due 
to  the  same  general  action.  As  the  river  builds  the  delta  farther 
and  farther  into  the  Gulf  of  California,  the  bed  must  rise  all  along 
the  line,  of  course,  taking  averages  of  considerable  periods  ,o£  time. 
According  to  Capt.  J.  H.  Mellon,  of  Yuma;  Ariz,,  who  for  a  grejat 
many  years  navigated  the  Lower  Colorado,  the  delta  (an  lias  ex- 
tended out  into  the  Gulf  more  than  6  miles  in  the  past  40  years. 
Assuming  the  fall  of  the  river  in  the  lower  reaohes. at^l^  ft,  per. mile, 
the  rise  in  the  bed  should  average  1.2  ft.  in  6S  years,  or  approximately 
0.2  ft.  per  year.  These  figures  are  about  wliat  the  hydrographs  seem 
to  show,  namely,;  2  ft.  per  10-year  period. 

Effect  of  1909  Floods — The  fact  has  been  mentioned  tb^t  the  low- 
water  plane  at  the  end  of  1909  was  only  0.8  ft.  highly  than  during 
1879,  and  this  becomes  much  more  striking  whop,  the  g^n/eral; eleva- 
tions for  the  entire  period  are  shown  by  a  curve.     Th^re  w0re  two 
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factors  which  tended  to  produce  such  a  result:  first,  the  diversion  of 
the  river  through  the  Abe j  as  to  the  west  during  the  summer  flood  of 
1908,  and  the  lowering  of  the  river  bed  at  that  point;  and  second,  the 
effect  of  the  Laguna  Weir  basin,  which  existed  as  such  for  the  first 
time  that:year. 

It  seems  very  probable  that  the  Abe  j  as  diversion  was  the  smaller 
influence,  in  spite  of  the  fact  that  at  the  time  it  was  generally 
considered;  to  be  the  only  factor  of  importance.  Undoubtedly,  the 
bed  of  the  river,  and  consequently  the  surface  of  the  water,  lowered 
rapidly  while  the  diversion  was  becoming  an  accomplished  fact.  The 
amount  of  such  lowering  could  not  have  been  more  than  a  very 
few  feet  at  most,  although  it  probably  seemed  much  greater  to 
nervous   and  frightened   observers. 

Doubtless  it  was  an  important  factor  that  the  Laguna  Weir  had 
been  completed  just  before  the  beginning  of  that  year's  summer  flood, 
and  created  a  reservoir  having  a  capacity  of  perhaps  20  000  acre-ft. 
The  waters  of  the  Colorado,  heavily  laden  with  silt,  were  here  stilled 
ai^d  their  contents  deposited.  The  lar^e  volume  of  water  which  passed 
over  the  dam — the  greatest  ever  recorded  on  the  river  itself — contained 
little  jnorq  silt  than  it  would  ordinarily  during  low-water  stages.  Con- 
8equ«itly,  it  picked  up  and  carried  along  the  silt  to  an  unprecedented 
extent.  As  the  Waters  receded,  the  bed  was  built  back  to  a  very 
much  less  extent,  because  there  was  still  an  extraordinarily  small 
quantity  of  silt  in  the  water.     Indeed,  during  this  one  season,  the 

m 

busin  formed  by  the  Laguna  Weir  was  completely  filled  and  some 
20  000  acre-ft.  of  mud  were  deposited  out  of  the  Colorado  a.t  this 
point  instead  of:  being  spread  along  the  river  bed  thence  to  the  Gulf. 

lIi;ifortunately,  no  sediment  observations  were  made  at  Yuma  dur- 
ing .lihis  flood  i)eriod.  Had  this  been  done,  the  influence  of  the 
Laguna  Basin  on  the  low-water  plane  would  doubtless  have  been 
approximately  ascertainable.  In  any  event,  the  gauge  heights  at 
Yuma,  for  discharges  of  30  000  and  10  000  sec-f t*,  respectively,  platted 
as  ordinates,  with  the  times  as  abscissas,  as  in  Fig.  3,*  for  the  period 
of  1902  to  1912,  show  very  clearly  that  there  has  been  no  serious 
grade  recession  at  Yuma  due  to  the  Abe  j  as  diversion. 

*  This  method  of  plattinz  seems  to  be  the  oniv  one  possible  to  show  much  relation,  if 
any  at  all,  between  gauge  height,  discharge,  and  time  at  the  Tuma  gauging  station. 
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Helglitts  on  Yulna  Gauge 
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iSti^.— Profesisbr  ;0,  B.' ColKiigwood,  of  the  Unlverrity  of  Ariiona 
Agricultural  Experiment  Station,  examined :  the  silt  contents  of  the 
Oolorado  Biver  water  at  Yuma  for  a  period  of  7  months,  beginning 
with'  August,  1892.  One  pint'  of'  waiter  wias'  taken  esJ&h  -diy  And 
«vai>orate(l»  and  the  sum  •  of  the  daily  xesidues  for  eia«h  mohth  :was 
then  weighed  and  •  analyzed;  The  ieBullis  varied  froM  -a  minimum 
oi  1  part  of  sediment  to  613  parts  of  water  in:  Januar;^,  18^3,  to  a 
maximum  of  1  to: 97. in  October^;  1902,  and  an  average  of'  1  t<^  888, 
the  ratio  of  dry  material  to  weight  of' water  being  1  to  ^7>.  '^l^e 
iCoi^esponding  .ratio  in  the  MisBissi|xpi  is  1  to:  1600;  the  l^ile^  1  to 
1900;  the  Danube,  1  to  d060.  The  arerage  Taltie  lof  the  fertilising 
material,  wias  computed  at  $8:22  per  aere-ft.^  • 

Later,  January  1st  to  December  Blst,  1904,  Profess6t*  B.  &.  Forbes, 
now  Director  of  the  same  Experiment  Station,  made-  a  careful  study 
of  •  the.  quantity  of  silt,t  tiiidthe  relation  of  irrigating  sedimeilts  to 
field  cr6ps4  It  was  found  that  the  quantity  of  silt,  varied  from  84 
to  3  2^3  parts  per  100000  by.  weight,  and  from  250  to  9  800  parts  per 

1   .      •  1  ;   ■. 
100  000  by  volume,  or  roughly  '    ^^^  to   —-  part  by  weight,  and  that 
,  .  •    '  .     ,   ,  ^.       1  200    .  .  30-         •  ^     ' ..    .    . 

1  acre-ft.  pf  river  water  contained  fron^i  a  minimum  of  1.14  tons  to 
a.ioaximum  of  44.42  tons,  ^d  an.  average  of  9.62  tons,  of  silt;  Obvi- 
ously, the  total  q^iantity  of .  sedimental  material  cannot  be  :obtained 
by  multiplying  the  average  sedimental  contents  by  the  total  Annual 
discharge,  but  the  investigations  were  carried  out  in  such  detail  that  it 
was  possible  to  compute  the  quantity  of  solid  material  from  the  dis- 
charge at  the  time,  and  in  this  way  it  was  found  that  the  tdtal  solid 
material  carried  past  Yuma  that  year  was  120^:961 000  toiis.  The  total 
diaphargp  of  this  river  during  that  year  wias  10119  000  aore-ft.,  and 
the. annual  average  ftxc  1894  to.  1911)  inclusive,  was  12388000  acre-ft. 
It  would  seem  co^nservative  to  estimate  that  liie  average  quantity  of 
material  would  be  aa  much  larger  than  that  ddivered  in  1904  as  the 
discharge,:  en  which  basis  thei  result  would  be  120 961 000  4- 10 119  000 
X  12  388000  F=  148.084  000  tons.  The  specific  gravity  of  the  Colorado 
spdiwi'Bnt  i$  3.65  and  the '.weight  of  dry  soil:  is  93  lb*' per  cii.  ft.,!  so 
that  this  qujantity:  of  material  -would  miake  isipproximately  71 800 
acrcrft.  or:112,sq..nule-ft.  ;of  equivafent  dry  alluvial  soiL 
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Na^igabilifty, "^In'k  technical  sense,  the  Oolorado  Biver  is  navigable 
itom  its  mouth  up  to  Lagnna  Weir,  and  again  from  there  to  The 
Needles.  .Thas  navigability  was  riecognized  when  Mezieb  and  th^ 
United  States  entered  into  the  treaty  of  Id^  regarding  the  Inter- 
natioHial  Boundary  Line^  By  the>  provisions  of  this  treaty^  neitiier 
countiy  was  to  permit .  works  which  would  interfere  with  navigation 
throughout  that  part,  of  the  river  which  lA  a  common  boundary.  In 
a  BuhseQuent  treaty  (1853)  .this  mrovision  was  afaarogated^  but '  the 
IjQlted.  States '  guaranteed  in  lieu  thereof  &  free  and  uninterrupted 
passage  of  v^sels  and  citizens  as  far  as  the  river,  forme  a  common 
boundary;.  As  a  matter  of  facty  thd  swif t,.  shoal;  wateris  and  the  shallow 
depth  over  bars  in  the  river  itself «  together  with:a  tidal  bore  at  the 
mouth,  T^het^  the  range  of  tide  isxoeeds  30'ft.,  has  resulted  in  prac- 
tiQally'  no  .commeroe:  on  the  river  ihelow-  Yuma  since  the  Southern 
Pacific.  BiiEiilroaid'  completed.its.  track  'in'  1876.  At  various  times  the 
U.  .S,  .Anny  :-»igine6prs  hd^ve  investigated  the  silHiatioii,  but  have  al- 
wi^s  reported  that  the  navigation  interests  wtexie  not  suffici^t  to 
justify  any  expenditure  for  river  improvement. 

An  Act  approved  April  21st/ 1^04,  authorized  the  Secretary  of 
the  Interior  to  divert  water  froim  th^f  IxiWer -Gblorado  River  for  irri- 
gatioli  purposes  and  to  construct  a  diverting  'weir  acl*oss  the  river 
tit  I'he  Potholes,  or  Laguna,  in  Which  iio  provision  whatever  is  made 
ioT  navigation.  '  '  •     '  "    ' 

Delta  of  the  Coloraix). 

,.   •      •    •    '     '.",•'•       ■  • .         ■        ■ ..    .    •  .   •      ,■',.•:     •.'■.•      ■••'.. 

'  The  Beltfe  of  th^  Colorado  Biver.  of  idie  West,  *t  the  head  df't^ 
Qulf  of  Colifprnia^  lies  a^pproximately  betweeti  the:  parallels  6f  S2^ 
RnjJ  33°  N.  and  the  meridians  114?;  30'  ^and  llS^i  W.  It  is  partly 
liorth  of  the  International  Boundary  Land  between  the  United  States 
land,  M^co,  and  in  lai^er  part  south  of  that  line.  Its  atea;  including 
the  Pattie.B#$i9  .9nd  theOocopab  Mountains)  is  apprd^timately  6000 
604  miles*  It  lestends: practically  from  the  mouth  of  the  Gila' Riivetj 
at.Y}XmsL,  westward  to  the.  rocky,  walls,  of;  thli-  San  Jieicinto  Mountains 
and  south  to  tide :  water  of  the  GuH;  .while  ion:  the  north  it  bliends 
with  tho  dQpri^ssed  ■  area  below  the  teist^level,  from  which  the  ■  ocean 
has  been  cut  ,oS  by  the  deposits,  of  the  stream.  Its  general  deiltoid  form 
is  shpTyn  on  Fig.  .4,.  together,  with  the  Qpurse  o£;the.main  stream,  and 
principal   branches,    sloughs,    and   overflow   channels.   * .  '  "    , 
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The  Lower  Colorado  Biver. — The  Lower  Colorado  Biver  may  be 
considered  as  that  portion  Ifing  below  the  last  narrows,  at  what  ia 
known  as  The  Potholes — the  location  of  the  Laguna  Weir,  of  the 
United  States  fieclamation  Service:    At  this  point  the  river  debtmchee 


Fio.  H. 

\tpou  the  plain,  and  the  valley  on  each  side  is  bounded  by  diverging 
meeas.  About  13  mil«!)  keilaw,.and  iu3t  above  Yuma,  the  Oila£iver 
joins  it.  The  present  location  of  this  portion  of  the  river  is  shown 
on  Fig.  5. 

Alignment. — Below  The  Potholes  there  are  two  controlling  points: 
one  is  a  peculiar  knob  of  indurated  clay  at  Yuma  through  the  center 
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of  which  the  river*  chamiel  has  passlBd  since  -the  first  advent  oi  the 
whites^  theiother  is  the  granite  hiE  known  as  Pilot  Knob.  The  small 
eminence  ait  Xiima. covers  about  40  acres,  «nd  reaches  a  height  of  n<^ 
more  than  100.  ft;  above  the  general  level  of  the  delta  plai'H.  A  similar 
though  much  smaller  knob  lies  on  the  east  bank  of  the  river,  abotrt 
1000  yd.  below  io&d  just  to  theaouth  of  the  Southern  Pax»fi^Kaiboad 
Gompan^r'-a  line  an^l  bridge; .  and  is  oGCupied:  by  the  reservoir  ar^d 
settling  basins  of  that  company.'  These  :pecUliaT  topographical  features 
control  the:  mer,  with  respect  to  Its  Ideation  at  Yuma,  and  at 
Andrade,  at  the  Intematiolial'  Boundary  Line,  8. miles  farther  down.' 

Grade. — ^The  course  of  the  river  is  quite  winding,  like  every  flashy; 
silt-bearing  stfeaih  with  a  relatively  steep  grade:  •  The  elevation  at 
The  Potholes  is  app'roxlm&tely  140  ft.  above  sieft  level,  arid  the*  distaiice 
by  the  river-  is  about  100  miles  to  &e  head  of  *  tide-water  and  114 
mile^  to- the  mouth  at'thie  Gulf.  Thus  the  general  average  fall  is  ap- 
proiimitely  1.3  ft.^ per  mite.  •  "   '    '     ■'   ' 

Remdrhahle  Fe'gr«^df ton.— Atterition  must  fee  called  to  the  dense 
and  varied  vegetation  throughout  the  region  subject  to  the  rivers 
overflb\^*.  Arrow  weed  grows  in  nearly  nnpenetrable  jungles;  riiesquite 
and  serew*bean  trees  occur  in  forests  of  val^iiig  density  on  older 
established  8oil,%hile  freshly  deposited  mud  ffatis  and  banks  are  almost 
immediately  covered  with  seedling  willows  which  quickly  grow  into 
heavy  timber.  '  For  instance.  Professor  Forbes  coiiiited  on  an  &fe& 
5  ft.  square  1  SOO  willow  sprouts  up  to  20  in.  high,  and  in  another  older 

growth  90  yourig  willow  trees  20  ft.'  high.*^    Cotton  woods  OcCut,  but 

■  *  ■  '  '..■.'.,'  .  •  '. 

are  not   ahundant.     Along   the   river  hanks 'ind  sloughs   there   are 

'■■•■'  .  ' 

dense  thickets  of  common  wild  cane,  which  the  Mexicans  call"  (Jam2?o, 
with  a  densely  matted  root  stock  which  affords  great  resistance  to 
erosion  of  the  soil  because  the'  plafiit  spreads  both  by  means  of  tliese 
root  stbcks  and  by  sending  I'oiig  blender  steins  or  runners  across  the 
mtid  flats'  to  distaiices  of  20  or  even  30  ft.,  and  these  strike  root  at 
every  point,  thus  rapidly  establishing  the  plant  bn  newly  made  groiirid.' 
In  marshy  locations  are  found  great  flelds  of  a  plant  with  aia  immense 
edible  biilb  used  by  the  Cocopah  Iridiaii^  as'  a  food,  locally  known  as 
tule:  In  additibn  thel'e  is  the  sesbania,  or' so-called  wild  hemp,  which  Is 
limited  strictly  to  gfouiid  subject  to  overflow.    It  coines  up  from  seed 

■  ■    1  Y     I         11  i  f       1^  >■!.  .  1        ,  III  jii    ; \\  ■  II.    .  I  I    I «  I  I  •  t '■ ■■■.■■•"■■>       i'^'  1 1  '•■  ■  I  »  '  I       I  J'  '  ■  I   .        ■  t  I        >  I  1  i  1  ■  .'I  I  I  ( 

*  "  The  Lower  Courses  of  the  Colorado,"  R.  H.  Forbes,  in  The  Great  Southwest.  Tum%, 
Ariz.,  Vol.  1,  Oct.,  1906,  p.  2.  ,       '•       -    , 
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annually  after  it^  aufasideaifle  of.thp  summer  floods,  standb  in-  dense 
thickets!  from  5  to  20t  ft.  high,  and:  is  often  square  miles  ill  area; 
This  plabt  is  also  of  •  litttGreat  heeause  of  its  industrial  possibilities. 
In;  igejieral,  the  vegetation  of  the  delta  is  remarkable  f  or  the  mann^ 
m  which,  plants  of  a  kind  mass  together  in  areas;  almost  to  the  eacclu* 
$ipn:o£':otb^r:ape0ies^.  and  for:. the  remarkable  density  ahd  immense 
areas  oeeurring  in  eontinuous  bodies, :  strips^  ieatd  ipatehes,;  paTticularly 
of  .wiUo!w;.  arrow,  veed;  wild  hemp»  aiid  carrMO.' 

Idne  Oh€w,'sfe8.rr-The  entire  Colosrado  Biver  Delta  has  been  said  to 
consist  of  alluvial, £|ilt..  Wheb  the  riyex  is  low  the,  water  wanders  in  a 
devipus  way,  aitong  a  yfery  wide  ^ihallow  bed  in  many  i^laoes^  and  is 
everywhere  confined  by  banks  seldom  exceeding  19  or  12  ft.  high* 
During*  high;  stages  these  bankjB  fi^e  overflowed  at,  many  poi;nts;  and 
in  ;the  cas^  of  seyere  floods  such  overflow  is.praqtiqa^ly:genjBral.  The 
banks  are  thus  wet,. ai^d  softened,  .and,  when  the  river  falk,.  caving 
and  side-cutting  proceed  wherever  the  current  is. thrown  at  an,.angl^ 
agjQiinst  the  conflning  banks,, and  often  with  startling  rapidity.  ^  At 
the.  ,s^me  tin^e,  the;  oyerflpw .  water,  being  very  heavily.  chfg:;ged.  with 
silt,  is  checked  by  the  dense,  matted  growth,  and  at  once  deposits. ^t^ 
heavier  particles,  the  smaller  siziefl^  being  dropped. a  little  farther  dpw?a 
stream,  and  so  qn.  .  Thus,  the  coimtry  is  bnilt  ,up,  most  rapidly  at  the 
banks,  and  the  land  slopes  away  from  the  riyer  :at  a,  constan;tly.. de- 
creasing r^tCt  ..Indeed,  the .  theoretical  c^os^-section  of  the  land  sur-f 
face  away  from;  the  stream  is  a  hyperbola.  Of  course,  these  slopes  iire 
not  identical  at  any  two  points  along  the  river,  but  instrumental, 
data  at  present  available  show  the. general  average  faU  to  be  about 
IJ  ft.  in  the  first  100.  ft.;.  3, ft.  in  the  first  300  ft,  and  from  6  to  8  ft. 
in  the  first  3  OOp  ft, 

Although  the  coarser  silt .  deposits  are.  thus  f Qund  immediately  at 
the  river  bank,  there  are  several  yeasons  why  this  bas  little  prac- 
tical significance.  The  overflow  water  gathers  in  little  channels  which 
fplJow.  the  line  of  greatest ;  slppe  and  in  general  approximately,  away 
from  and  down  stream,  the  direction. being  the  resujltant  of  the  gen*? 
eral  grade  parallel  to  the  rivei:,  and  of ,  the  slope .  locally  from  .  the 
river's  banks  to  the  fib^yment  on  either  side.  ;  Such,  overflow  channels 
build  np  their  miniature  beds. and  banks  es^actly  like  the  main  chazmel; 

tbey  join  te  form  overflow  creeks,  and  these  in  turn  form  the  over- 

■  ■'•■■■•■.        .     ■    •         ■      . 
flow  rivers. 
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As  the  level  of  the  river  liseB  higher  and  higher  hy  such  crverbaiik 
deposition,  it  is  obviously  only  a  question,  oi  time  until  an  unusual 
flood  willproduce  suficiontly  high  velocities  in  some  of  these  overflow 
channelsc.to  cause  a^^  recession  of  their  grades  extending  through  the 
river  bank,  thus  diverting  a  portion  of  the  water  through  the  new 
route.  Ordmarily,  as  the  flood  recedes,  such  breaks  axe  clogged  with 
drift  and  sediment,  but  Sometimes  the  cl^ging  action  is  not  rapid 
enough  to  counteract  the  opposing  forces  successfully,  and  in  this  way 
radical  and  extensive  changes  of  the  river^s  course  throughout  the 
delta  occur.  Usually,  these  changes  are  in  the  nature  of  cutting  oft 
bends  and  thiii^  shortening  the  channel; 

At  first  thought  it  would  seem  that  a  diversion  to  the*  west  would 
be -a  very  probable  occurrence  during  aniy  great  flood,  beoause/witfa 
the  eoQBtaiit  exteiisidn' of  the' delta  southward;  the  gradient  in  that 
diTei(^on^;hflB  be<loirie  less^  and  to  thd  west,  more,  until  th^  fall  toward 
the  Gulf  is  much  less  than  half  as  great  per  mile  as  that  lalong  former 
itour^e^  to  the  Sdton  Basinj  As  a  mktter  of  fact^  however/ though 
the  overflow' waters  go  down  th^se  channels  with  considerable  rapidity, 
the  cross'-sectibns  for  majiy  miles -from  the  river  ate  exceedingly  in- 
efficient, due- to  the  dense  vegetation^  drift  in  the  water,  and  ciccasion^ 
ally,  no  doubt,  to  beaver  damsi        • 

In  addition  to  the  foregoing,  there  is  another  factor  of  importiance : 
The  bed  of  the  main  stream  for  quite  a  distance  on  each  side  of  the 
International  iBoundary  Line  is  excessively  eroded  during  flood  periods 
and  fllled  up  during  lower  Water  stages^  as  has  been  fully  e^lained, 
so  that,  with  a  given  flood  discharge  in  the  river,  the  water  going 
over  bank  constantly  decreases  in  quantity,  in  depth,  and  in  velocity, 
and  it  is  only  the  overbank  flow  which  is  important  in  oonnection  with' 
the  Overflow  channels. 

Character  of  Locdl  iSili  Deposits. — These  various  actions  result' in 
the  formation  of  numerous  little  pockets  throughout  the  inundated 
areaOy  in  which  water  is  left  standing  after  the  recession  of  each  flood* 
Wherever  this  occurs  the  very  finest  of  the  silt  settles  out  and,  oil 
becoming  dry,  cracki^  in  large,  somewhat  hexagonal,  irregular  cakes. 
If  the  deposit  is  very  thin,  these  cakes  curl- up  when  thoroughly  dried 
and  are  broken  up  and  carried  away  as  dust  by  the  wind;  but  when,  very 
thick:  the' cra<^  are  Sometimes  6  in.  and  even  more  in  width  at  the 
top  and  extend  down. 4  or  5  ft.    Dust  aiid  vegetation  accumulate  in 
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sUch  gaping  cracks,  and  the  next  flood  deposits  another  layer  of  aedi- 
znent.  Then,  the  heavier  materials  having  settled  first,  the  result  is 
that  the  pockets  are  arched  over,  thus  producing  underground  in^ 
terstices  which  must  be  ciarefully  guarded  agahist  in  levee  and  other 
earth  construction  for  holding  back  water. 

•  ■  The  character  of  such  deposits  depends  on  the  nature,  of  the  silt 
carried  in  the  overflow  water,  and  thus  it  happens,  that  it  is  usually 
possible  by  examination  to  determine  whether  a  deposit  was  made  by 
a  flood  from  the  Colorado,  or  from  the  Gila  proper,  or  from  the  Salt 
River.      . 

The  rate  of  such  local  deposition  is  sometimes  startling.  ^  One  in*-, 
stance  the.  writer  observed  was  due  to  the  flood  of  19.05:  which  catised 
the  diversion  of  the  river  into  the  Salton  Sea.  This  filled  in.  the 
ground  on  the  left-hand  side  of  the  break  about  3000  ft.  from  the 
old.  river  bank  over  quite  an  area  to  a  depth  of  6. ft.,  or  almost  to 
the  roof  of  an  Indian's  ramadat,      „  ,. 

In  this  manner  the  Colorado  Biver,  from  its  exit  from  the  Grand 
Canon:  near  The  Needles,  Cal^,  to  about  3  miles  south  of  Yuma,  Axizlji 
has  wandered .  about  between  its  eastern  and.  western  abeyments,  and, 
where  these  were,  any  distance  apairt,  Jotas  built  up  alluvial  valley 
stretches  which  are  practically  level  transversely* 

The  Principal  Overfloiv  Channels. — ^^The  ^overbank  flow  of  the  Colo- 
rado on  the  east  side  does  not  gather  into,  channels  of  importekncie :  be.* 
cause  the  eastern  abeyment  is  near  by,  except.- f£tr: down  the  stream; 
where  there  is.  what  is.  known  as  the  Santa  Clara  Slough.  This^ 
doubtless,  at  one  time  was:  the  river's  main  channel^  and  during-  .the 
severe  summer., flood  of  1907  it.  carriied  so  large  a  volume  of  water 
that'  for  a  time  Lt  seemed  probable.it  would  again  beiconie  the  miaiii. 
outlet  of  the  river  to  the  Gulf.  This  slough  is  about  .40  miles  lon^,' 
and: ;  empties  into  the  Gulf  about  .2^  miles  southe^ifitwaEd:  froni  the 
present  mouth.  .  This  and  the  other  smaller  high-water  channels  otx 
the  east,  side  are  of  no  material,  importance  in  the  engineering  operar 
tiona  along  the  river.  . 

..By  far: the  greater  portion. of  the  delta  cone  lies  on  the  west  side^ 
where  there  are  fire: inundation  channels  of  considerable  impbrt£hc<fe^ 
These  are  showp  on- Fig.  4/  In  their  order  down  stream  from  Andrade, 
they  are  known  as  the  Alamo,.  New,  Faredones^' Abejas^  and  Bescaderot 
Rivers.     Without  a  thorough  knowledge  of  them'  and  ?their  rd-afeion".. 


FlQ,   e. — Ttfical   Bustack   ( 
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Bliip  tO'  tbe  Oolorado  flood-vatere,  no  estififactor;  tmderBtaiiduig  of 
the  problems  of  the  Lower  ColoTado,  aad  the  endearora  to  handle  thmoi 
ie  possible^ 

The  Alamo  Biver,  which  was  formerlj'  often  c^led  liie  Saltan  or 
Carter'a  River,  has  ita  gathering'  ground  in  the  northerly  edge  of  the 
delta  cone  immediately  south  of  Andrade.  It  followa  Aomewhat  cloeelj 
the  southern  end  of  the  sand  hilb,  «t  times  in  a  well-defined  "hnuTH'l 
and  again  spreading  out  in  broad  swamp  'sectitras,  known  locaB;  ai 


lagunas.  About  40  miles  west  of  tbe  Colorado  it  crosses  the  Inter^ 
national  Boiindary  Line,  and  occasionally  its  waters  were  doubtless 
carried  clear  into  tbe  Salton  Sink.  The  swamp  areas.  Las  Lagunas, 
were  also  drained  in  part  by  the  Quail  River,  which  emptied  into  the 
Paredoiies.  Tarther  down  the  Alamo  there  is  a  low  area  to  the  south 
and  west  through  which  the  overflow  Vratera  from  the  great  flood  of 
February,  1891,  broke  over  from  the, Alamo  into  the  New  Biver,  tbe 
main  point  being  at  what  is  known  as  Beltran's  Slough;     The  latter 
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runs  into  the  low  region  between  the  Paredones  and  the  Alamo,  and 
this  drains  into  New  Eiver  through  the  Garza  Slough.  It  seems 
probable  that  in  1891,  for  the  first  time  in  many  years,  the  overflow 
waters  reached  the  New  Biver  channel  directly  via  the  Alamo,  rather 
than  i;wi .  Volcano  Lake.  During  this  flood  from  the  Gila  and  the 
later  annual  summer  flood  of  the  Colorado,  sufficient  water  reached 
the  Salton  Sea  via  the.  Alamo  and  the  New  Kivers  to  cover  approxi*- 
mately  100  000  acres  in  the  bottom  of  Salton  Sink  to  a  depth  of 
about  6  ft.,  and  it  is  estimated  that  the  discharge  of  both  these 
rivers  aggregated  17  000  sec-ft.  for  a  period  of  several  weeks.  Well- 
defined  channels  in  the  soft  alluvial  soil  were  cut  out  by  both  these 
streams,  and  since  then  the  New  Kivef  has  carried  some  water  every 
flood  season,  as  it.  did  occasionally  before.*  In  July,  1903,  it  reached 
a  maximum  of  only  about  4  000  dec-ft.,  which  was  then  the  largest 
since  1891. 

New  Eiver  really  heads  in  Volcano  Lake,  and  probably  is  what 
remains  of  an  overflow  channel  through  which  the  ancient  inland  lake, 
Lake  Cahuilla,  emptied  into  the  Gulf  of  California.  At  present  its 
grade  is  to  the  north  and  into  the  Salton  Basip,  and  from  the  lake's 
edge  it  follows  for  some  miles  the  base  of  the  Cocopah  Mountains  until 
it  reaches  about  the  +  10-ft.  contour,  where  the  mountains  turn 
rather  sharply  to  the  west.  The  river  continues  in  a  general  north- 
westerly direction  and  crosses  the  International  Boundary  Line  at 
Calexico,  where,  until  the  recent  tremendous  erosion  due  to  the  diver- 
sion of  the  Colorado  River  into  the  Salton  Sea,  it  followed  a  gentle 
depression  down  the  lowest  median  line  into  the  Salton  Sink.  At  a 
few  places  in  its  course  it  spread  out  into  broad  channels,  a  few  feet 
in  depth,  and  formed  occasional '  ponds  or  lakes,  the  most  important 
of  which  were  the  Cameron  Lake,  near  Calexico,  Blue  Lake,  a  few 
miles  farther  northwest,  and  Pelican  Lake,  a  few  miles  farther  on.  It 
is  now  a  great  barranca,  averaging  from  40  to  80  ft.  in  depth  and  1 000 
ft.  in  width,  from  a  point  about  6  miles  southeast  of  Calexico  to  the 
Salton  Se^,       . 

The  Paredones  is  the  first  drainage  channel  on  the. southerly  slope 
of  the  delta  cone,  and  within  quite  recent  years  had  direct  connection 


«.01d  settlors  in  the  yicinity  agree  in  sayinK  that  In  1840, .1949, 1852, 1859, 1862,  and  Ii8e7 
large  quantities  of  water  reached  the  Salton  Sea.  In  1862  that  bodv  of  water  attained 
unusual  size,  and  tbe  flow  in  New  Eiver  that  summer  was  so  great  ttaX  it  stopped  the  mall 
stage-line  service  between  Tuma  and  San  Diego  for  several  weeks,  and  a  flatboat  was 
^uut  to  ferry  across  it,,  near  Calexico.  . 
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with  the  Olojado  Biyer..  This  connection  was  automatically  reduced 
to  the  very  small  diannel  which  existed  in  1906,  when  the  kvee  con- 
strnction  then  done  fundamentally  changed  overflow  conditions.  The 
Paredones  gathers  the  overflow  water  from  a  large  area,  and  a  few 
npdlea  from  the  river  becomes  a  channel  of  considerable  width  and 
depth,  following  thaice  along  down  an  element  of  the  delta  cone. 
I>uring  the  estraordinaxy  conditions  existing  in  1905^06,  it  carried 
a  very  large  quantity  of  drift,  which,  with  the  assistance  of  some 
beaver  damd,  accumulated  about  7  miles  above  Volcano  Lake,  and 
resulted  in  enlarging  the  branches  leading  toward  the  south.  The 
overflow  water  of  this  river  gathers  to  the  south  in  the  Pescadero,  and 
to  the  north  joins  with  the  similar  water  from  the  Alamo  and  runs  in 
part  to  Volcano  Lake  and  in  part  through  Qarza  Slough  to  New  River. 

The  Abejas  Biver  drains  the  overflow  from  the  region  immediately 
south  of  the  Paredones^  and  empties  into  the  western  side  of  Volcano 
Lake.  Since  the  snmimer  flood  of  1908,  this  channel  has  been  carrying 
the  entire  low-water  flow  of  the  Colorado  and  the  greater  portion  of 
the  flood  flow,  which' is  the  condition  to-day.  The  reasons  for  this 
diversion  And  the  efforts  to  stop  it  will  be  considered  at  length  later. 

The  Pescadero,  another  important  overflow  channel,  drains  the 
region  immediately  below  that  unwatered  by  the  Abejas.  It  empties 
into  a  network  of  channels  which  conduct  the  water  from  that  part 
of  the  delta  cone  and  including  Volcano  Lake,  Anally  gathering  into 
Hardy^s  Colorado  and  emptying  into  the  Gulf. 

Volcano  Lake  may  be  another  remnant  of  the  waterway  through 
which  the  ancient  Saltan  Sea  drained  to  the  Gulf.  It  is  a  flat  basin, 
the  bottom  of  which  is  about  32  ft.  above  sea  level,  and  its  high- 
water  stage  is  about  35  ft.  At  such  a  stage  it  extends  about  10  miles 
northwest  and  southeast,  and  is  about  6  miles  wide.  It  is  fed  by  the 
Paredones  and  Abejas.  Eivers,  the  latter  since  1908  being  the  course 
of  the  Colorado  proper,  and  by  the  system  of  sloughs  which  form  the 
Pescadero  network  and  also  serve  as  an  outlet.  It  is  on  the  summit 
of  the  lowy  flat  divide  between  the  Salton  Basin  on  the  north  and  the 
Gulf  on  the  south,  and  thus  its  discharge  is  both  toward  the  north 
and  the  south.  From  the  size  of  the. outlet  channels  it  is  obvious  that 
the  greatest  dischatge  has  in  recent  times  been  southward.  Since  1908 
a  line  of  levees  has  prevented  any  water  from  passing  into  the  New 
Biver  and  thence  int6  Salton  Sea;  the  lake's  waters,  therefore,  go  to 
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the  Gulf  through  Hardy's  Colorado,  which  id  an  important  dhannel, 
averaging  perhaps  500  ft.  wide  and  20  ft.  d^p  at  maximum  stages^  with 
a  fall  varying  with  the  stage  in  the  lake  from  less  than  15  to  more  than 
30  ft.  in  a  distance  of  from  45  to;  60  miles. 

The  engineering  operations  which  resulted  in  the  irrigaftion  of  the 
Imperial  Valley  and  its  threatened  destruction  by  inundation  at  vari- 
ous times  since,  have  in  very  large  measure  been  concerned  with  the 
overflow  channels  just  described. 

Diversion  to  the  W^^-— Regardless  of  the  tendencies  for  and 
against  a  fundaniental  diverision  toward  the  west,  the  Colorado  con- 
tinued to  flow  in  its  r^ular  bed  to  the  Gulf  until  1906.  There  can  be 
no  doubt  that  the  operations  of  the  California  Development  Cofmpany, 
and  particularly  in  making  an  artificial  cut  from  the  Colorado  River 
into  the  Alamo  Channel  and  the  utilization  of  that  channel  as  a  main 
canal,  rendered  the  diversion  to  the  west  at  that  point,  when  it  broke 
through  in  1905,  very  much  easier  and  more  probable  of  immediate 
occurrence.  Nevertheless,  thie  behavior  of  the  river  since  that  time 
indicates  pretty  clearly  that  a  diversion  to  the  west  somewhere  within 
the  first  25  miles  below  Pilot  Knob  was  just  about  due,  under  natural 
forces  alone.  The  conditions  of  equilibrium  had  become  unstable  to 
a  degree,  and  this  is  the  condition  in  which  they  iare  to-day. 

Mesa  and  Delta. — The  high  mesa  land  which  forms  the  eastern 
abeyment  below  Yuma  extends  therefrom  almost  south  and  into 
Mexico.  The  river  turns,  crossing  the  valley  almost  from  east  to  west 
for  about  5  miles,  tmtil  it  reaches  the  foot-hills  forming  the  west 
abeyment;  then  it  turns  more  than  a  right  angle,  hugging  these  hills, 
to  the  International  Line;  and  thence  it  flows  for  80  miles,  in  a 
remarkably  direct  general  Hue,  but  little  west  of  south,  to  the  Gulf. 
On  the  west  side  of  the  valley  the  foot-hills  end  at  Pilot  Knob,  a  small 
mountain  at  the  International  Boundary  Line,  and  the  low  mesa 
begins.  The  edge  of  the  latter  nms  southwest  for  4  miles;  then  it 
turns  sharply  directly  west  for  25  miles;  then  again  it  turns  sharply 
to  a  little  west  of  north  for  50  miles — ^the  latter  edge  forming  the  east 
side  of  the  cut-off  portion  of  the  Gulf,  Lake  Cahuilla. 

It  i^  thus  in  a  sense  almost  proper  to  say  that  the  Colorado  Delta 
begins  practically  at  the  International  Boundary  Line  betweien  Cali- 
fornia and  Lower  California,  and  that,  for  the  first  14  miles  below  that 
line,  the  river  is  running  on  the  very  edge. of  the  divide  of  the  delta 
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cones,  on  one  side  sloping  northwest  to  the  Salton  Sea  and  on  the  other 
to  the  Gulf .  Furthermore,  from  that  point  the  river  (nntil  1908)  was 
in  a  ridge  of  its  own  making,  which  it  was  raisinig  constaiitly,  and 
which  is  quite  close  to  the  eastern  abeyment. 

PUot  Znob.— -Pilot  Knob  is  a  small,  detached,  and  relatively  abrupt 
mountain  lying  just  above  the  International  Boundary  Line  on  the 
west  bank  of  the  river,  and  is  one  of  the  landmarks  of  the  region.  One 
of  its  rocky  arms  extends  almost  to  the  present  west  bank  of  the  river. 
Fifty  years  ago  the  river  had  a  pronounced  bend,  shown  by  the  dotted 
line  on  the  map,  Fig.  13,  and  hugged  this  rocky  point  until  passing  it. 
The  time  when  the  shift  of  the  river  took  place  is  not  definitely  known, 
but,  very  fortunately,  at  present  the  alignment  here  for  several  miles  is 
almost  straight. 

It  is  quite  significant  that  Pilot  Knob  is  the  lowest  point  along  the 
river  where  a  canal  can  be  taken  out  for  the  diversion  of  water,  with 
the  diverting  structure  resting  on  solid  rock.  For  this  reason,  it  has 
been  considered  as  a  strategic  factor  in  the  irrigation  of  the  Imperial 
Valley,  but,  in  the  writer's  opinion,  quite  erroneously.  The  engineer- 
ing fetish  of  a  solid  rook  foundation  for  structures  for  irrigation  and 
other  purposes  confining  water,  has  resulted  in  needlessly  spending 
amounts  of  money  in  the  United  States  alone  which  must  aggregate 
a  tremendous  sum.  Perhaps  no  case  is  more  spectacular  than  that  of 
Pilot  Knob  and  its  relation  to  the  irrigation  system  of  Imperial  Valley. 

Early  Suggestions  Regarding  Salton  Sea. — Almost  the  very  first 
explorers  were  interested  in  the  Salton  Basin  and  its  various  possibili- 
ties. The  ability  to  create  an  inland  sea  by  diverting  into  it  the  water 
of  the  Colorado  attracted  much  attention,  and  it  was  very  seriously 
suggested  because  of  a  supposed  advantageous  effect  that  it  might  have 
on  the  climate  of  the  entire  region.  On  the  other  hand,  the  possi- 
bilities of  irrigating  the  Colorado  Desert  by  the  waters  of  the  Colorado, 
which  has  since  been  accomplished,  were  not  overlooked,  work  having 
been  done  on  many  more  or  less  serious  propositions  at  various  times. 

Later  Irrioation  Projects. 

In  1891  and  1892,  the  Colorado  River  Irrigation  Company  was 
formed.  Mr.  C.  R.  Rockwood  was  placed  in  dharge  of  the  engineering 
work,  and,  under  his  direction,  the  entire  problem  of  irrigating  the 
Colorado    River   Delta   was   carefully   examined   and   the   important 
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features  fuUy  worked  out.  The  financial  stringency  of  1893  put  an 
end  to  the  operations  of  this  corporation,  and  in  1894  Mr.  Eockwood 
was  forced  to  sue  the  company  for  his  unpaid  salary.  In  partial 
satisfaction  of  the  judgment,  which  he  obtained,  the  engineering  rec- 
ords and  data  were  taken  over  by  Mr,  Eockwood,  and.  the  Colorado 
Eiver  Irrigation  Company  ceased  to  exist.  Nevertheless,  it  is  interest- 
ing to  consider  the  plans  then  evolved  by  that  corporation,  or,  more 
properly  speaking,  by  its  engineer,  Mr»  Eockwood. 


PROPOSED  CANAL  SYSTEM 
OF  THE 

COLORADO  RIVER 
IRRIGATION  COMPANY 

1893 

MILES 


0     6    10    15    20 
KILOMETERS- 


Fio.  9. 


Pluns  of  the  Colorado  Biver  Irrigation  Company, — These  plans 
are  outlined  diagrammatically  in  Fig.  9,  and  show  what  is  probably 
the  ideal  system  of  diversion  and  canals  for  watering  all  the  land 
irrigable  by  gravity  with  the  waters  of  the  Lower  Colorado.  Events, 
however,  shaped  themselves  so  that  the  water  for  Imperial  Valley  has 
been,  and  is  now  being,  diverted  at  Pilot  Knob,  and  the  U.  S.  Eecla- 
mation  Service  has  built  a  diversion  weir  at  The  Potholes  or  Laguna 
to  put  water  by  gravity  on  all  except  the  mesa  la^ds  in  the  so-called 
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Yuma  Valley.  Mr.  Bockwood  contemplated  taking  water  out  at  The 
Potholes  and  installiQg  in  the  main  canal  near  Pilot  Knob  a  sluice^ 
way  with  which  he  intended  to  flush  out  the  silt  in  the  canal  above 
which  escaped  being  deposited  in  and  removed  by  hydtaulic  dredges  from 
a  short  enlarged  section  of  the  main  eanal  immediately  below  the  diver- 
sion point,  where  the  velocity  of  the  water  would  be  reduced.  The 
dredges  were  to  be  operated  by  electricity  generated  at  the  sluice-way. 
The  maps  showing  the  detailed  aurv^s  of  these  canals  are  now  in  the 
files  of  the  California  Development  Company  at  its  Calezico 
headquarters. 

The  Calif omia  Development  Company. — ^Mr.  Bockwood,  being  thor- 
oughly imbued  with  the  practicability  and  advantages  of  the  project 
to  irrigate  the  Colorado  Desert  with  the  waters  of  the  Colorado,  under- 
took to  carry  it  through,  and  finally  did  so  by  means  of  the  California 
Development  Company,  under  the  engineering  direction  of,  and  with 
funds  supplied  by,  Mr.  George  Chaffey^  of  Los  Angeles,  CaL  At  the 
present  time  it  is  only  important  to  say  that,  because  of  financial  con- 
siderations, the  engineering  features  were  radically  modified  to  divert- 
ing the  water  at  Pilot  Knob  and  utilizing  a  large  part  of  the  Alamo 
overflow  channel  as  a  main  canal  to  carry  the  water  around  to. the- 
Imperial  Valley,  essentially  as  suggested  by  Lieut*  Bergland  in  1875-76. 
In  this  way  the  diversion  work  at  The  Potholes  was  eliminated,  and  a 
very  cheap  and  quick  method  of  getting  water  into  the  valley  was 
arranged.  By  this  decision  the  inclusion  of  the  Yuma  Valley  as  a 
part  of  the  project  was  abandoned. 

The  Yuma,  Projects  TJ,  8,  Reclamation  Service, — ^As  early  as  1896 
the  Hydrographic  Branch  of  the  United  States  Geological  Survey 
began  stream  gauging  in  California,  starting  with  an  allotment  of 
$5  000.  More  recently,  the  California  Legislature  has  aided  in  the 
work  on  th^.  basis  of  appropriating  sums  equal  to  those  set  apart  by 
the  United  States.  At  the  present  time  daily  discharge  observations 
are  made  on  about  fifty  typical  streams.  Hydrographic  investigations 
throughout  the  Western  States,  not  only  helped  to  prepare  the. way  for 
national  irrigation,  but  resulted  in  acquiring  such  hydrographic  data 
that  when  the  Reclamation  Act  w^s  passed,  in  1902,  the  best  opportuni- 
ties for  national  irrigation  projects  were  pretty  generally .  outlined. 
On  account  of  legal  and  social  complications  elsewhere  throughout 
California,  the  Yuma  Project  was  finally  selected  as  the  first  to  be 
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coinmeiiced  by  the  Reclamation  Service  in  that  State.  On  April  8th, 
1904,  a  board  of  seven  eng^ineers  recommended  this  project;  on  April 
21st,  Congress  authorized  the  Reclamation  Service  to  take  water  from 
the  Colorado  and  divert  it  by  a  weir  which  would  close  it  to  naviga- 
tion permanently  above  Yuma.  On  May  10th,  1904,  the  Secretary  of 
the  Interior  gave  his  approval,  and  an  allotment  of  $8  000  000  was 
made. 

There  are  approximately  75  000  acres  of  irrigable  land  under  this 
project  in  Arizona,  and  16  000  in  Calif otnia.  Of  this  ari^a,  98%  is 
subject  to  the  provisions  of  the  Reclamation  Act,  the  owners  of  private 
lands  having  signed  the  necessary  agreements  to  limit  their  holdings 
to  the  size  of  the  farm  unit  to  be  determined,  and  otherwise  to  con- 
form to  the  regulations  required  by  the  Service.  A  Water  Users' 
Association,  consisting  of  the  land  owners  of  the  project,  handles 
the  affairs  of  the  district,  from  the  farmers'  point  of  view,  and  has 
contracted  with  the  Secretary  of  the  Interior  to  accept  and  use  the 
water  under  the  usual  conditions  fixed  in  such  cases  by  the  Government. 

The  Imperial  Valley  should  logically  have  been  included  as  a  pArt 
of  this  project,  particularly  from  an  engineering  point  of  view.  How- 
ever, water  had  been  delivered  into  the  Imperial  Valley  for  almost 
3  years  when  the  Secretary  of  the  Interior  approved  of  the  Yuma 
Project.  In  addition,  there  were  complications — ^largely  over-estimated 
and  far  more  apparent  than  real — due  to  the  fact  that  it  is  prac- 
tically imperative  to  go  through  Mexican  territory  with-  canals  to 
serve  the  American  Imperial  Valley.  The  project,  therefore,  was 
limited,  for  the  present  at  least,  to  the  irrigation  of  the  Yuma  Valley. 

Fig.  6  is  a  map  of  the  restricted  Yuipa  Project.  As  it  occupies 
a  position  on  the  river  above  that  of  the  California  Development  Com- 
pany's constructions,  and  for  that  reason  in  many  ways  has  had  a 
very  important  influence  on  the  whole  irrigation  of  the  Colorado  delta 
proper  and  related  engineering  problems,  its  essential  features  will 
be  briefly  described  first.  These  are  a  diversion  weir,  and  the  levee, 
canal,  and  drainage  systems.  The  diversion  is  by  an  overflow  weir  of 
the  type  developed  by  British  engineers  in  their  irrigation  work  in 
India,  and  improved  and  used  later  on  the  Nile.  It  is  of  loose  rock, 
rests  on  a  bed  of  river  silt,  is  almost  a  mile  long,  very  wide,  quite 
low,  and  is  in  general  an  exceptionally  interesting  and  expensive 
construction. 
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The  nert  most  unusual  and  interesting'  feature  is  the  necessity 
for  about  74  miles  of  levees  ■  to  protect,  from  the  overflow  waters  of 
the  river,  the  greater  part  of  the  land  to  be  irrigated.  The  canal 
system,  with  the  exception  of  the  siphon  undel*  the  Colorado,  is  noth- 
ing out  of  the  ordinary,  and  the  same  is  true  of  the  drainage  system* 

The  Yuma  Project,  U.  S.  Reclamatio];^  Service. 

The  project  has  proved  very. much  more  expensive  than  was  origin- 
ally, contemplated,  the  estimated  cost  being  $3  000000,  whereas,  the 
construction  expenditures  up  to  June  30th,  1910,  were  $3  617  472.71,* 
exclusive  of  maintenance .  and  operation  charges  and  $100  000  of  the 
preliminary  survey  costs  more  properly  chargeable  to  general  investi- 
gation* along  the  Colorado  River  than  to  the  Yuma  Project  itself. 
Work  on  the  project  was  reported  as  80.8%  complete,  but  this  estimate 
was. revised  in  April,  1911,  and  changed  from  81.6  to  62.4%,  making 
the  proper  percentage  completed  on  June  30th,  1910,  about  61.8.  On 
this  basis,  the. total  cost  will  be  $6  964  233,  or  approximately  $77.26 
per  acre  of  irrigable  land. 

Laguna  Weir. — The  location  and  general  design  of  this  noted 
structure  were  determined  by  the  character  of  the  bluffs  on  each  side 
of  the  last  narrow  point  of  the  Colorado  Valley,  where  they  were 
almost  a  mile  apart,  and  the  fact  that  borings  disclosed  no  bed-rock 
at  reasonable  depths  in  the  river  bed.  Accordingly,  it  was  decided 
to  build  a  low,  wide  diversion  weir  of  the  so-called  "Indian"  type. 
The  original  design,  as  shown  by  Plate  XLIII,  was  constructed  with 
practically  only  one  modification,  namely,  the  interchange  of  the  prinr 
cipal  diversion  from  the  Arizona  to  the  California  side. 

Purpose, — The  purpose  of  this  structure,  primarily,  was  to  provide 
for  silting  out  the  heavier  particles  carried  by  the  river,  during  flood 
periods  especially,  where  such  deposits  could  be  sluiced  out  from  time 
to  time  and  in  such  a  way  that  river  floods  would  certainly  carry 
them  down  stream. 

Consideration  will  be  given  later  to  the  silt  problem,  but  it  may 
be  said  that  the  only  way  of  keeping  the  large,  heavy,  valueless 
particle^  of  silt  from  getting  into  the  distribution  system,  and  clogging 
it,  is  to  provide  a  settling  basin  where  the  water  for  a  short  time  will 
either  be  practically  still  or  the  velocity  reduced  to  not  more  than 

*  Ninth  Annual  Report,  U.  S.  Reclamation  Service,  Washington,  1011,  p.  81. 
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0.6  ft.  per  sec,  with  freedom  from  eddy  currents.  Such  deposits  may 
be  removed  either  by  sluicing  out  with  large  volumes  of  water  at  a 
high  velpcity,  or  by  using  pumps,  dsedges,  ar  s<»n6  other  kind  of 
machinery.  .It  was  estimated  that  in  the  mftin  canal,  originally  de- 
sign^ to  carry  1  600  sec^ft.,  the  volume  of  wet  silt  to  be  removed 
therefrom  daily  was  approximately  17  000  cu.  yd.  The  sluice-way 
method  of  doing  this  means  a  higher  initial  cost  and  certainty  of 
success,  as  compared  with  the  very  much  lower  cost,  greater  main- 
tenance and  operation  charges,  and  somewhat  less  dertainty  of  opeira- 
tion,  for  removal  by  machinery.  The  Laguna  Dam  (or  rather  weir) 
consists  essentially  of  sluice-ways  at  each  end  of  the  structure,  with  a 
barrier  between  to  hold  up  the  water  and  afford  a  head  for  sluicing. 

Sluice-wdys. — The  sluice-ways  are  controlled  at  their  lower  ends 
by  large,  vertical,  steel-plate  gates  which  are  raised  and  lowered  by 
electric  machinery.  The  method  of  operation  is  to  close  the  gates 
and  cause  the  water  in  the  sluice-ways  above  them  to  become  practically 
still.  The  water  thus  held  back  quickly  drops  its  heavier  silt,  while 
the  canals  are  supplied  through  flash-board  regulator  gates  in  the  outer 
.sides  of  the  sluice-ways,  these  gates  being  so  long  that  a  thin  stream 
of  water  running  over  the  tops  suffices,  and  no  water  from  near  the 
bottom,  where  the  sediment  is  greatest,  is  ever  taken.  From  time  to 
time,  as  may  be  necessary — and  this  varies  greatly,  depending  on  the 
stage  of  the  river  and  the  quantity  of  heavier  silt  particles  carried — 
the  gates  are  rapidly  raised,  and,  with  a  fall  of  about  10  ft.,  the  water 
rushes  through  the  sluice-ways  carrying  away  the  silt  deposits  and 
dropping  them  a  short  distance  below.  During  the  annual  and  other 
floods,  these  deposits  are  taken  up  by  the  river  and  carried  down 
stream.     These  sluice-ways  are  built  through  rock,  their  floor  eleva- 

r  I 

tions  being  13  ft.  below  the  crest  of  the  weir.  They  are  lined  and 
paved  with  concrete,  and  constitute  a  very  massive  and  beautifur  piece 
of  work. 

The  Weir. — Between  these  sluice-ways  the  weir  is  btiilt,  the  slope 
of  the  face  being  very  flat,  only  1  to  12,  and  capped  with  a  concrete 
pavement,  18  in.  thick,  except  a  small  portion  which  is  paved  with 
rough  stones  froin  2  to  S  ft.  thick.  The  cre^t  was  10  ft.  above  the  low- 
water  mark  at  the  dam  when  the  structure  was  started,*  and  the  top 

,  ■  .  ,  ■         ■  I  •       ■     i    '  k       1 1  ;    ,  I    ■  I '■■■'■'      ■  ■       ■  ■  I       '      ...■■■  ■    ■■ 

*  See  discussion  of  variation  in  elevation  of  river  bed  at  different  times  and  different 
seasons,  and  the  consequent  low-water  mark. 


PLATE  XLIII. 

TRANS.  *M.  80C,  CIV.  ENQHS. 

VOL.  LXKVI,  No.  1270. 

IRRIOATION  AND  RIVER  CONTROL, 
COLORADO  RIVER  DELTA. 


IRBIOATIOIT  AND  RIVER  CONTROL^  COLORADO  RIVER  1337 

of  the  downrstream  wall  is  3  ft.  below ;  thus  the  total  fall  of  the  face 
is  13  ft 

The  weir  was  constructed  simultaneously  from  each  end,  and  a  gap 
of  800  ft,  was  left  in  the  center  of  the  river  channel.  The  original 
plan  for  completing  this  gap  was  by  building  upper  and  lower  coffer- 
dams with  piling,  brush,  and  sand  bags,  but  this  was  changed  and  finally 
the  barrier  rock  fill  dam,  developed  by  the  operations  of  closing  the 
first  and  second  breaks  described  later,  was  utilized.  Before  the  central 
section  was  filled  in,  the  sluice-ways  had  been  excavated  and  completed, 
the  total  capacity  being  more  than  enough  to  carry  the  low-water 
flow  of  the  river.  Ho<^  was  obtained  in  part  from  the  excavation  of 
the  sluice-ways,  and  in  part  from  the  hills  on  each  sidej  it  was  loaded' 
on  cars  with  derricks  and  steam  shovels,  and  hauled  by  dinky  loco- 
motives to  the  various  portions  of  the  work.  Coffer-dams  made  of 
quarry  spoil  were  extended  out  into  the  stream,  and  inside  these  large 
pumps  were  used  to  clear  of  water.  As  much  excavation  a«  possible 
was  done  with  teams  and  scrapers,  and  the  remainder  was  taken  out 
by  suction  dredges  and  pumps.  Sheet-piling  and  the  parallel  con- 
crete walls  were  then  built,  and  the  rock  filling  between  was  put  in, 
followed  up  by  the  concrete  surfacing.  The  actual  (Quantities  used 
exceeded    the    original    estimates    considerably;    they    are    given    in 

'^''^^^^-  TABLE  6. 

Rock  ezcavatioii.. 444  640  cu^  yd.,  or  about     140%  of  estimates. 

Earth  excavation 846  930''    ^'     "      ''  128%'* 

Rocklndam , 875018  "    "     "      "  128% 

Concrete* 76086  "    "     "      "  280% 

Sheet-pUIng 827791ip.ft.  "      "  166% 

Rock  pavement. Insignificant— decrease.  100% 

■  I  ■  I     ■  ■  »  1 1  1 1  I  ■  ■        I  I  .1 

*  In  place  of  rock  paving,  the  concrete  surface  was  substituted. 

On  March  l5th,  1905,  bids  for  the  construction  of  the  Laguna 
Weir  were  opened,  but  those  submitted  were  rejected  and  the  work 
was  re-advertised.    Proposals  were  again  opened  on  June  5th,  and  on 

» 

July  6th,  1905,  the  contract  was  awarded  at  the  following  prices: 

Rock  excavation $1.30  per  cu.  yd. 

Earth  excavation 0.30    "     "      " 

Rock  in  dam 0.35    "     "      " 

Concrete.. 4.00    "     "      " 

Sheet-piling 0.40    "   lin.  ft. 

Laying  pavement 1.00    "  sq.   yd. 
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THe  contract  required  the  work  to  be  finished  within  2  years,  which 
would  mean  just  at  the  time  of  the  peak  of  the  summer  flood  of  1907. 
These  pricey,  on  the  estimated  quantities,  made  the  bid  amount  to 
$797  660.  There  were  seven  other  bidders,  whose  figures  ranged  up  to 
$1030117.50.  The  Reclamation  Service^  under  the  specifications,  sup-, 
plied  the  cement  to  be  used.  On  February  28th,  1906.,  the  same  firm 
was  awarded  the  contract  for  furnishing .  and  erecting  the  sluice-gated, 
regulator-gates,  and  operating  machinery  for  the  main  sluice-ways 
and  head-gates,  the  bid  being  $65  900.  The  contractor^  began  work  on 
July  19tb,  1905,  and  a  year,  later  had  completed  26.4%  of  the  work. 

As  the  quality  of  the  rock  obtained  was  much  poorer  than  had  been 
anticipated,  the  Board  of  Engineers  of  the  Reclamation  Service  modi- 
fied some  requirements  in  the  specifications  and  contract  which  re- 
sulted in  increasing  the  contract  price  by  $331486,  or  to  $1129136, 
and  extended  the  specified  time  for  .-completing  the  structure  from 
July  19th,.  1907,  to  January  19th,  1908,  .  On  January  23d,  1907,  wh^ 
about  34%  had  been  completed,  the  work  was  taken  over,  by  the  Recla- 
mation,  Service  direct.  On  July  Ist,  1907,  52%  of  the  work  had  been; 
finished,  a  year  later  77%  was  done;  ^nd  it  was  practically  completed, 
in  March,  1909,  just  before  the  summer  flood  of  that  yeax  began. 

The  Reclamation  Service  gives  the  following  costs^  of  the  Laguoa 
Weir  and  the  sluice  and  regulator  works : 

Laguna  Weir ^ $1  672  168.20 

Sluice  and  regulator  works 345  295.92 

Other  recent  operations  along  the  river  have  shown  that  a  structure, 
serving  every  purpose  of  the  Laguna  Wieir  could  have  been  built  by 
methods  now  well  known  at  far  less  cost.  The  building  of  rock  fill 
dams  in  the  bed  of  such  a  stream  as  the  Lower  Colorado  was  con- 
sidered impracticable  until  the  work  of  re-diverting  the  river  developed 
such  method.  However,  it  is  now  evident  that  it  would  have  been 
far  simpler,  quicker,  and  cheaper  to  have  developed  rock  quarries, 
thrown  trestles  across  the  bed  of  the  stream,  and  dumped  rock  there- 
from to  form  a  wide  rock  fill  dam,  without  any  concrete  walls  whatever, 
and  covered  the  top  with  concrete.  There  would  be  no  difficulty  in 
beginning  the  construction  of  such  a  dam  in  the"  center  of  the  stream 
and  causing  the  river  itself  to  excavate  its  bed  opposite  the  rock  fill 
as  the  latter  should  be  built  forward.     In  this  way  the  excavation 

*  Ninth  Annual  Report,  United  States  Reclamation  Service,  Washington,  lOfl,  p.  82. 
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would  liave  been  made  to  a  little  greater  depth  than  the  bottcnn  of:  the 
concrete  walls  actually  put  in.  The  rock  for  such  a  purpose:  would  by 
preference  be  graded,  so  that  quarry  spoil  would  in  no  way  be  objection- 
able, and  rock  material  obtciinable  in  the  adjoining  hills  could  be 
blasted  out  in  large  quantities,  loaded  with  steam  shovels,  and  conse* 
quently  obtained  and  handled  very  cheaply.  A  structure  having  essen* 
tially  the  same  top  dimensions  and  surface  covering,  and  extending 
deeper  into  the  river  bed  than  the  existing  one,  would  in  this  way 
have  cost  far  less  and  be  even  more  secure  from  failure.  There  would 
be  practically  no  seepage  through  or  under  such  a  dam  or  weir,  as  the 
Bunilar  constructions,  very  much  thinner  and  sustaining  much  greater 
heads,  which  closed  the  first  and  second  breaks,  seem  to  be  absolutely 
water-tight. 

To  the  cost  figures  should  be  added  the  proportional  share  of  the 
total  administrative  and  general  expenses.  Such  administration  figures 
are  given  as  $179  021.4^,  to  which  should  properly  be  added  at  least 
$75  000  of  the  item:  '^Preliminary  surveys  previous  to  selection  of 
project— $174  735.83,"  or  a  total  of  $254  021.43.  These  are  probably 
the  approximate  genera!  expenses  to  be  distributed  over  expienditures 
totaling  $3  717  472.71,  or  6.89  per  cent.  On  this  basis,  there,  should 
be  added  to  the  cost,  for  general  expenses,  $114243.24,  or  a  total  for 
the  Laguna  Weir  proper  of  $1786  411.44,  and  to  the  sluice  and  regu- 
lator works  $23  583.71,  making  their  total  $368  879.63,  or  a  total  of 
$2 165  291.07;  not  including  the  loss  of  $400  000  said  to  have  been  sus- 
tained by  the  contractor,  which  would  raise  the  total  to  $2  655  291.07. 

The  result  is  a  magnificent  and  permanent  head-works  for  taking 
water  from  the  Colorado  to  irrigate  by  gravity  about  75  000  acres  of 
land  in  the  Yuma  Valley;  and,  at  some  future  time,  this  structure 
may  serve  as  well  for  diverting  water'  to  irrigate  the  entire  Colorado 
Delta.  Its  very  great  cost,  however,  raises  the  question  as  to  whether 
the  silt  problem  could  not  have  been  solved  in  a  more  economical 
and  equally  satisfactory  manner  by  pumping  depositions  thereof,  in 
an  enlarged  section  of  the  canal,  back  into  the  river,  with  suction 
dredges.  This  question  cannot  be  determined  until  the  maintenance 
costs  of  the  sluice-ways  and  diversion  weir  are  shown  by  experience, 
and  the  total  costs  and  results  of  handling  the  silt  with  dredges,  as 
is  now  being  done  at  the  California  Development  Company's  head- 
works,  have  been  ascertained  for  a  considerable  period. 


\ 

1240  IRRIGATION  AND  RIVER  CONTROL,  COLORADO  RIVER 

Levee  System  of  the  Yuma  Pro^ec^.-^Practically  all  the  valley 
lands  in  the  Yuma  Project  are  subject  to  overflow,  so  that  a  ^neral 
and  comprehensive  system  of  levee  protection  is  necessary.  Fig.  6 
shows  this  system,  practically  all  of  which  has  been  completed.  In 
general,  the  designs  were  for  dikes  400D  ft.  apart  along  the  Coloi?ado 
and  3  200  ft.  apart  along  the  Gila,  with  a  height  of  from  4  to '5  ft 
above  the  high-water  marks;  as  constructed,  however,  there  are  long 
stretches  along  the  Colorado  where  the  levees  are  only  from  1600  to 
1800  ft.  apart. 

■''  The  first  levee  construction  was  in  accordance  with  the*  usual 
Mississippi  River  practice.  The  ground  was  cleared,  stumps  and. roots 
were  grubbed  out,  the  base  was  plowed,  and  the  levee  waft  built  with 
earth  taken  from  borrow-pits  on  the  river  side.  These  borrow-^pits  Were 
about  400  ft.  long  in  the  direction  of  the  levee,  with  cleared  traverses  be- 
tween about  12  ft.  wide;  40-ft.  betms;  allowable  depths  of  pits,  2i  ft*  at 
the  side  nearest  the  levee  and  3 J  ft.  at  the  farther  side;  levee  top  width, 
8^  ft;  side  slopes,  3  to  1  on  the  river  side  and  2i  to  1  on  the 'land  side. 
No  muck-ditching  was  done. 

The  first  stretch  of  levee  constructed  was  10  miles  long,  extending 
south  from  Yuma  along  the  eastern  bank  of  the  river.  In  this  section 
the  current  along  the  kvee  face  was  generally  as  little  as  would  be 
expected  anywhere  •  on  the  project.  Nevertheless,  experience  soon 
showed  the  desirability  of  an  elaborate  system  of  brush  abatis  work; 
a  sample  of  what  was  put  in  here  being  showp:  by  Kg.  10:  .  At 
many  points  wher^  any  considerable  quantity  of  water  had  cpme 
against  the  face  of  the  levee  the  borrow-pits  had  cut  together,  the 
traverses  having  quickly  been  cut  through  and  the.  breach  widened 
more  or  less  seriously.  As  it  was  expected  that  the  river  would  fill 
up  these  borrow-pits  with  silt  in  the  first  few  floods,  such  a  result  was 
disappointing. 

It  seems  that  no  trouble  was  caused  by.  the  absence  of  muck-ditch 
protection  under  the  levee.  This  must  have  been,  due  to  the,  faqt  iJiat 
the  ground  where  the  levee  was  located  was  uniformly  favorable.  In 
the  fall  of  1906,  however,  the  levee  system  of  the  project  was  extended 
some  miles  southward  along  the  river,  and  the  flood  which  occurred 
on  December  7th,  1906 — which  got  under  the  newly  constructed  .dikes 
on  the  west  side  of  the  river  in  many  places  and  resulted  in  the  second 
break  or  crevasse  to  the  west — caused  several  breaks  in  this  new  sec- 
tion, due  to  the  lack  of  muck-ditches  in  unfavorable  ground. 


Flo.   10. — Trpicu.  Abatib  WobK  oh   Lotxbh   or   Yttma  PhojbcI,  U.   8.  ILbculIIx- 
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Expenence  ■with  -i&e :  levees^  •  itidttdin^  the  ^flfeict  of  thid'- lafe^- 
meutionod.  flodd'  oh  thelevee  iifstem:  of  thW  project  Imd  Joti  the  levee 
woEk-tlbiie  on  theiOtfaev  si^^ef -the  itiVer/ caused' a  fiindlime^tal  cha*ng^ 
in  the  dteifen.  ■  In .  Jailuary,  •19&I,la  dotisulting  BoaSrd-  oi  Engineera 
from'^he  U.  S.  ■KecJ«diation  Servicte  >w«»l  appoint^-  to  oonsideit  thie 
matter :  of' le^e  consltuietnin  being  dbne  with  maney  advanced  h;^  the 
Harrinaan^mtorostd  on''t&e>  ^est  side  of  tbeTiYer^a^dits  recoiiinle^dlt-^ 
tions  are  given  later.  Up  to  that  date;  21  :niile^  of  -leveed  •  had  beeii 
o6nstrui(3ted  oii  the  ¥u»ta  Freject,  ^j^tending''  fyotdi  :YiaBa  i^outhward 
15  mikiB  .hitd;  eastward  lalong  the  l^ovthr-bank  of 'the  Gila  6  milest. 
All  eohsthictipn  tfaecaaftev  haa  beoi '  in  acicordiEfnce> -with  tto  reedm« 
mendatiohs^  of  thie  ^  Gonismlting  Board  ilfor.  tb^  leve^  •  of-  ^thi^:  vest 
8i«b  of  the'riveryithe  «^sential  feattires  of '  wMch  are  *4ht6rrupted  o^ 
ehecker^board  bbrvowpits'^  :on^  the  water  side  of  the  dikes;  nkuck- 
ditohea '^wherever  test-pits 'shbw  the- necessity;: hiid  a>  large*  quantits^  of 
bnish rabatifi  .worfc'^'  .wT  '.'  ,•  -  ••■  ••  ••  ••!''.  .>  ':•   •'■'  "  ■•■    -'.-.J'''  • 

.In  1907,  a  railrbad  tra43k  W8^e  laid  in  laige  part:  ^bnl^e*  levee,  £roni 
the' XaguDa  Weir  >ta>iyuma:oB  .the  California  -  side  i  of  the:  river,  chiefly 
for  tiie'purtx>8e>  of  hauling,  materials: 'and  supplies  tO'  and  frbih'  the 
Laguna  Weir.  The  Southern  Pacific  Company  owns  and  operates  this 
track'  as'  a  .brandh  line,  thus  serving  an  -area'  which  will  be  tinder 
intensive  cultivatiaii  -very  soon,  aiid :  greatly  f aeiiitating  levee  mainte^ 
nance  and:  repairs*  Over  this  track  a  very  large  quantity  of  Quarry 
spoil  was  hauled  from  the' Laguina  Weir  constrtuction  work  and  used 
to  blanket 'the  river  side  of.  this  levee  to:  a  point  below,  where  ihe  swift*" 
est  water  along  its  f aoe-  is  to  be  expected.  •  None  of  the  other-  levees 
of  the  project  has  an;^  blanketing  or  any  tradk  on  top. 

Canal  System  efihe  Yuma  Fro je^i-.-^'S'ig.  5  show*  the  general  lay- 
etixt-of  the  canal-  system  of  the  Yuma  Projedt  as  it  is  planned  at  pres- 
ent and  in  (^omdderable  i!neasuife  conatrueted.  The  principal  mciin 
canal  is  on  the  California  side,  and  has  a  caipaeity  of  1700  sec-ft. '^The 
main  .capal  on  the  Arizona. Iside.' will  irrigate  only  the  land  north  of 
the  Gila  Eiver.  Water  for- irrigating  the  liand' lying  east  land  south 
of  the  Cpl<xrado  and  below  the  Gila  is  to  be  tearried  under  the  river 
at  Y-^ma  :in  an  inverted  siphon,  1 000  ft.  long,  14  ft.  in  diameter, 
about  ^0  ft.  below :  the.  bed .  of .  that  atream,'  and  having  .  an  estimated 
capacity  pf  1 400  se?-f t.  .  This  siphon  is:  now  under  conatructioii.  The 
original  plan  Wjas  to  serve  this  territory  with;  water  taken  from  the 


1944  XBBIQATIOK^.  AND  BIVER  OONTBOL,  i^QLORADO  BIFES 

Arizona  end  of  the  dam  and  earned  across  ihe  Gila!  Eivei*  in  fcmr  iein- 
forced  concrete  tubes  with  a  combined  capacity  of  1300  sec-f t.  and 
laid  3  ft.  below  the  riYer  bed..  This ^crc^ssizig^  wad.  abandoned  because 
the  difficulty  of  holding  the  Gila  Biver  banks  at  the  ends  of  ^e  onder^ 
ground  siphon  was  considered  too  great.  ..There  is  practicadlyj  no 
dunger  6f  this  kind  in  crossing  the  Oolorado  with  the  siphon,  because 
of  the. little  eminences  of  quite  bard  material  which  control  the: loca- 
tion of  the  river  at  this  point.  ., 

The  design  6f  this  siphon,  the  investigations  of  the  material  in 
whidi  it  is  located,  the  £i8t  methods  of  construction  used,  ^e*  diffi- 
culties encountered^  the  changes  in  plans  and  methods,  with  the*  rea- 
sons therefor,  the  xhethbds  of  doing  the  work  finally  adopted,- «ind  the 
time  and  cost  figures,  are  si.ll  interesting  in  the  extreme,- but*  will  not 
be  given  here  for  several  reasons,  chief  of  which  is  that,  on  the  eomr 
pletion  of  the  Yuma  Project^  it  is  hoped  the  work  will  be  desoisibed 
at  length  in  a  paper  by  the  Project  Engineer,  F.  L.  SeUewj  M.  Ami:  Soc. 
0^  E.,.  or  some  other  engineer  of  the  Beclamatioh,  Service.  .  Only  duch 
general  de3cription  is  liere  give!n  as  seems  desirable  to  make  .quite  blear 
the  effect  of ;  the  proj^t  itself  directly  and  indirectly  on  the  irrigatioii 
of. the  delta*  '.      -  ■■.;•,,••.'■ 

The  total  acreage  which  .will,  ultimately  be  irrigated  by  the  Yuma 
Project  is  given  inidie  reports  of  the  Keclamatio(n.  Service:  as  90160; 
This  includes  17  000  acres  of  mesa  lands:  which  lie-  too.  high  to  he 
^eaqhed  :by .  gravity  from  the  principal  canal  system.  It  is  intended  to 
dev^eplQOO  h.p.  at  tibe  drop  in  the  main  canal,  and  With  this  to 
operate  pumps-  to.  raise  water  for  the  higher  distribution  systems.. 

At  present  the  main  canal  from:  the  Laglma  Weir  on  tiie;  California 
side  down,  to  the  California  shaft  of  the  river  crossing  at  Ytma 
is  under: construction,  and  quitfe  a.  little  main  and  some  lateral  canals 
lying  bejtween  the^e  points  and  behind  liie  line  of  the  levees  on 
the  west  side  of  the  riv€ar,have  been  completed  and  are  iii  use.  Such 
can^l.  eonstructibn,  -and  particularly,  the  checks j  head-gates,  etc., 
are  models  of  their  kind,  being  of  concrete  and  of  the  latest  and 
most  approved  typcw  .  Up  to  the  end  of  1907;; there  were  no  canals 
on  the  California;  side  of  the'  river;  indoi^,  practicSUy  all  the 
area  was  contained  in  the  Yiima  Indian  ^Reservation,  which  has 
since  then  in-  part  been  apportiotaeki  '•  W  iiidividual  Indians  aiid  in  paffcj 
6.500  acres^oh  Match  1st,  1910,  opened  iSo  erttry  and  quickly 'tak^nui* 
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by  white  settlers.  Two  weekd<  later  wtftet  wfis  ^turned  into  the  reserva- 
tion cabals,  and  rapid  progress  i^  being  m^d^  in  developing,  .the  region. 
On  the  east  side  of  the  riyer  belpw.Yun^a  about  8,000  acres  are/ being, 
irrigated  through  sniall  canai  aysteans  which  have  been  in  operation^ 

for  ^  long  time  and  were  taken  over  by  the  Eeclamation  Service  since 

.■..'..•••.     -•'.■.'  '."■.■...  ■  ■  •• ' 

the  creation  of  the  pypj^t.  The  total. acreage  of- the  project  to  which, 
water  could  have  been  supplied  was  about  16  000  acres;  about  10  000 
acres  were  actually  irrigated  during  the  season  of  1911. 

Drainage   System   of   the   Yuma  Project. — ^As   has   been    said,    a 
large  acreage  of  the  Yuma  Project  is  subject  tp  annual,  overflow,  and 
lies  behind, the  levees.    The  water-table  throughout  practically  the  ^pitire. 
region  rises  and  falls  with  surprising  rapidity  during  all  floods  which 
are.  long  in  passing.  .Thus  it  is  that  during  May,  June,  July,  and 
August  particularly,  the  water-table  riges  so  near  the  surface  as  to 
result  in  rather  high  alkalinity  in  the  soil.     The  river  water  w^ich 
win  be  applied  tor  irrigation  also  carries  a  considerable,  though  not 
serious,    quantity    of   soluble    salts.     Evaporation    takes   place   from 
land  surf  aces  very  rapidly  in  such  a  hot  country,  and  when  water  is 
on  the  surface,  or  approaches  so  hear  it  that  capillarity  makes  con- 
necti  on  between  the  water-table  and  the  surface  of  the  ground,  the 
quantity  evaporated   is   excessive,   and   the  salts   contained   are   left 
behind,  largely  in  the  top  layers.    Therefore,  efficient  drainage  is  very 
important.     It  is  made  even  more  necessary  because  the  rainfall  is 
really  inappreciable,  having  been  less  than  3  in.  per  annum  for  the 
past  1*5  years,  and  causes  very  little  leaching  and  washiiig  away  of 
alkaline  deposits.     In  passing,  it  is  important  to  say  that,  very  for- 
tuiiately,  the  alkali  of  the  valley  lands  is  peculiarly  a  surface  accumu- 
lation,  often  being  confined  to  the  very  upper  layers,  usually  to  the 
first  2  ft.  in  depth,  and  seldom  being  found  at  depths  exceeding  6  ft. 
The  Yuma  Project,  thei^ef ore,  includes  plans  for  an  elaborate  and 
effieieii^* dysteni  of  drainage  canals  which'  will  be  doing  the  maximum' 
amount 'of  ww^j^d^rini^'th^  annual  summer  floods  of  the  Ooloradb.    It' 
is  planned,  where  necessary,' to 'tmmp  such  di'ainage  water  over  th^ 
levees  and  baek. into  ^e  river:  '  This  drainage  system'  has  hot  been 
constructed/-  and  indeed:'  the  detailed  plans  inay  not  yet  liave  been' 
worked  out,  but  it  is  desired  to  state  here  that' arrangeiments  ha^e  beeh 
made  for  drainage  in  the  Yuma  .Project,  and  results  ^Ipflg  that  line 
must  be  obtained  in  the  Imperial  Valley  sooner  br'lati^i^^      ' 


1246  IRRIGATION  AND  RIVBE  €ONTBOLi  COLORADO  EIVBB 

Imp^qiax.. Valley  iRRioA'noN  Project. 
•     In   1888,   Mr.    Kockwood   fotiiid   himself  in   possession   of   much 

t  ,  J 

Engineering  and  other  information' regarding  the  irrigation  of  the 
Ool6rad6  Desert  with  the  water  of  the  Colorado  Eiver,  iii  lieu  of  salary 
for  ia  considerable  tinie  as  Chief  Engineer  of  the  Colorado  River  Irri- 
gation Company^  and  had  a  firm  conviction  of  ihe  project's  possibili- 
ties. For  more  than  7  years  he  endeavored!  to  finance  the  work,  both 
in  the  United  States  and  abroad.  Many  people  suggested  the 
irrigation  of  the  Colorado  Desert,  as  already  mentioned,  but  Mr. 
Kockwood  and  associates  actually  brought  it  about.  His  very  ipter- 
esting  story  of  the  enterprise,*  uiifprtunately,  is .  accessible  to  rela- 
tively few  people.  In  spite  of  his  later  mistakes,  Mr.  Rockwood  is 
certainly  entitled  to  much  credit  and  reward  for  his  efforts,  which, 
practically  speaking,  were  finally  crowned  with  complete  success. 

Engineering  Features,— The  engineering  features  of  irrigating  tjhe 
Imiperial  Valley  from  the  Colorado  River  can  now  be  much  better 
understood  than  was  possible  in.  1900.  The  ejxperience  of  10  years  is 
always  of  value,  and  was  particularly  so  in  this  case.    The  fall  of  the 

ground  was  known,  and  to  divert  the  water  and  conduct  it  to  the 

•  .       •     ,,  .•        .  ...■•..  ;.'•..      •..•'■>,     •    ■  •       '.^  .'■-•:.■*•  . 

broad,  ideally  lying  tracts  of  land  to  the  west  of ,  the  sand  hills  was 
obviously  practicable.  There  were,  however,  two  especially  serious 
problems:  the  danger  of  diverting  water  from  a  wide,  eif ratio,  stream, 
flowing  through  a  shifting  channel  along  the. top  of  a.  ridge  of  loose 
alluvial  silt;,  and  the  difficulty  of  keeping,  open  canajs  which  carried, 
water  so  heavily  charged  w;ith  silt.      .• 

Diversion,-:— The  iinpo^ibility  of, properly  financing  the  enterprise.. abr. 
solutely  forced  the  abandonment  of  the  idea  of  diversion  at  The  Pot- 
holes,  with  its  opportunities  for  settling  baains  and  sluice-waiys  to  care  for 
the  silt.er*  route,  and  made,  the  diversion,  at  the  rocky  point  pf  Pilot  ISfioh 
practically  unavoifldble.    , It  .waa, always  the  idea,  to  )iave  a  he&i'gate' 
founded,  on  solid  rock..    At  th^  last»  it.y^^s  found  iiB]iK)9$iJ>Ie  to  obtam. 
the.  n?.oney,  even  fpr.  this  cqnstructaon^  b:i»t  the 'diversion  point-Was 
Ipcated  there,  with  the  int,entipn.of  iutilizing  this  rocky 'point  of  Pilot: 
Ejiob  for  bead-works,  in  the  very  near  future,  wheto  tbe^  financial  status, 
of  the  coippany  might  peiroit     ,: 

*  ''  Botn  of  the  Deiseirt/'  by  C.  R.  Rockwooid,  in  the  Second' Aonual  Magazine  Edition, 
CWeancoC^rontcte,  CftleadccPaJ., May,  190ft...  /         .  ■.:!     v    • 
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iPioo<i  P^oiec^ion.— It'does  nc^t  iseenn  to  have  been  T^lized/at  the 
time,  dr  i&deed  h^  any  one  until  1iie>  diversion  into  the  Salton  Sea 
was:  actiiltlly  a>n  adcompiishcid  fact  in  1905,  tbat  there  "waB  anjr.  really 
appreciable  danger  to  the  Imperial  Valley  by  flood- waters  from  thie 
Colomdo.  :-T^he  writ^n  hopes  especially,  that  the  disenssibn  will  bring 
out  any  oontradicftioh  of  -  this  -  statiament  >  which'  imay  be '  successfully 
maihtained.  Of  course^  it  was  Idiownttliat -large  quantities  O!^  water 
had  been  carried  through-  the  New  and  Alamo  iEivers' inl;o:  the'  Salton 
Sea  in  18&1,  and -atedby  t^e  Kew  ;River  earlier,  especially  in  18621, 
but  ^tfae<  chajmels  had  not  eri(>ded  to  ^  any  mafked  degree  at  the  gathering 
ground  '•  alomg  the  Colorado  Elver  bank;  but^  on  the  contrary,  had.  auto^ 
matically  closed.  Instrutbental'  data  •  regardi-ig  ;  that  •  p<^rti«n- >  of  '  thie 
delta*  eonib'  which'>  is  subject  to:  o-vierflow  were  entirely  lacking^  and 
indeed,  little  othe*  :p^Uable'  infotmation^abo^tt^the  r^i'on  tw^as  avail- 
able. •  It'was'  'planned'  to  builft  levfes-  along'  the  river  side  of  the 
canal,  with'  the. niatetialtaftea  from  the  latter,  biit  the  purpose*  of 
these  levides  w-aa  'to  protect  :the  caiial  itself  f rona  dang^,'  and  not  tb 
keep  the  :fldod^waters' which  might  enter  this  waterway  from  enlarging 
it  to  a  diangerots  idegreeJ'  Of  course,  -any  ^isk' of  the.  river  being 
diverted  into  tiseSalton  Sink^  and  soon  dnundating^  the  entire  Imperia;! 
Valley,,  involve  'the-  same*  risk  ;to ^the  irrigation  project  as  stich.  Other- 
wise^ such  risk'  should  •  ©bvi^sly  nJot  •  iaffect  an  irrigati<3n  coinpany  in 
any- wi^,' unless -ills -ope^atioBii  atid.doiisti^ctions  have  an  appreciable 
effect  on  :8U^^river•  divb]^on.''>  ■  .     ^ 

j8f»il-^Wi^:this:'meaate  )ttf  cKversion  -it  was  neeesssary  to  let^the 
silt-'laden* river  wkter  entier-l^' canals  directly,  and  depend  on  beep- 
ing thism'bpea  by  dredgittg,.:er<c>sioni,  etb.  The  chief  difficulty  isbviously 
must  occur'  in  the  .firflb  stretches  0!f'  the-  waterwajf^,-  dtie  to  the  rapid 
deposition'  of  the-  heavier  or  sandy  •  particles  'oi  dilt  which '  the  river 
water  carries  during  flood  stages  of  excJesETively  high  Currents^  Jand 
whixsh*  drops .  down  ■  alm<»3t  at'  once  whiein  •  the  velocity '  decreases  to,  say, 
3i.  ftv-per  seci  -  After  sutili  clarificaliion,  it  is  possible  tQ*^^  design  and 
operate  <}aHala  ■  in  •  tbe  Goloraiio  *  Delta,  as  well  as  in  •  India  and  else* 
where,  80  as  to  ihsurrfe -the  Carriage  of  the  renaaining  finer  silt  into' the 
smaller  laterals- and'to  the  (Irrigated- land.-  Th^  first  mile  of  the  canal, 
therefore,  was  'dcitigned: with  a' large  cross-section  so^as  to  secure*  thi 
deposition  of  this  heavier  silt  there,  where  it  could  be  renioved  by 
dredges,.  •    ■..,•.•  ,.     .  •  .    •..  ...^  •;  :•      .,.;••■••       .  ..■•  ..■•....-. 
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.  Alkaline  iktn^^.^-^Erom  a  fanning  point  of  view^  ^  difficulty  ^bich 
was  not  given  very  serious  consideration  was  the  r^atively  high 
filkaUnity  in  the  upper  layers  of  the  soil. throughout  practically  all  the 
Imperial  Valley.  Wherever  Water  came  in  contact  with,  the  grbuad,  it 
was  observed  that  vegetation  at  once  sprang  up  like  magic,  and  it 
was  assumedyfrom  this  and  from  the  obvious  methods  of  its-  occurrence, 
that  the  soil  must  be  eKceedingly  fertile  and  admirably  adapted  for 
general  agricultural  purposes.  :  In  one  sense,  a  very  serious  mktake 
in  this  way  was. not. made,  for  agriculture  of  almost  unparalleled  suc- 
cess has  been  followed  for  the  past  10  years,  with  <>nly  at  rare  intervals 
a  veryslight  thinning  of  crops  indicating  the  need  for  prc^r  drainage 
and  the  reduction  of  the  excess  of  alkalinity. 

In  1898  the  Director  of  the  Agri<cultural.  Experiment  Station  atitiie 
University  of  California  was;  asked  to  investigate 'the  agricultural 
possibilities  of  the  land  in  the  Imperial  Valley.  At  that  tim^  it  was 
proposed  to  provide  an  expedition  properly,  equipped  in  order,  that  the 
Director,  Professor  E.  W.  Hilgard,  the  great  American  authority  on 
soils,  might  explore  the  region  personally.  The  financial  difficulties 
of  the  Company  preV^E^nted  canning  out  the  plan  at  the  tianoj  but  a 
few  samples  of  water  from  the  lakes  •  ai;id  of  soil  taken  supet>£eially, 
proved  that  the  latter  were  very  similar  to. that  of  thfe  iodmediate 
bottom  of  the  Colorado  River,  which  previous;  analyses  had  shown  to  be 
of  extraordinary  intrinsic  fertility.^.  In  1896^  and  1897^  some  addi- 
tional samples  of  soil  and  water  were  sent  for  examiniation^:  Th^e 
corroborated  the  previous  conclusions,,  but  showed  that  a  considerable 
quantity  of  alkali  salts  was  pi^sent  in  the  soils  as  ^ell  as  in  thewateriS) 
and  thus  indicated  the  desirability  .of  a  thorough  examination*  of 
the  region,  from  the  «oil  standpoint*  The :  8id>eequent  soil  investigar 
tions  in  the  Imperial  Valley  and  their  effect  on.. the  iortunes  of  the 
region. will  be  Considered  later. 

Drainage^ — Though  the  country  as  a  whole  lies  ideally  for  irrigation 
and  ordinary  irrigation  water  drainage,  tibe  natural  waterways  are 
so  far  apart  and  so  small  and  ill  [defined .  as:  to  m^ke  the  constraction 
of  an:  efficient,  oomprebe^iye  drainage  system  almost:  as  difficult  aaml 
e2;p^nsive  ieis  the  irrij^ation  cianals*  In  the  aigineer's  report  to  the 
Colorado  River  Irrigation  Company,.. it  wiifl  stated  that  >the  construe-' 
ti(>n:of  a  drainage  system  (though  almost*  as  expensiv^.as  the  proposed 

*  Report,  Agricultural  Experiment  Station,  University  of  California,  1889.'      - 
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irrigation  system)'  was  essential,  but,  some  years  later,  when  the  work 
to  be  done  was  trimmed  to  the  lowest  practical,  minimum,  it  was 
decided  that  a  general  drainage  system  was  not  immediately  necessary 
and  possibly  might  never  be  required.  This  latter  opinion  was  not 
as  radical,  as  might  at  first  be  assumed,  because,  even  to-day,  there  are 
probably  not  more,  than  5  miles  of  drainage  ditchea  in  the  valley. 
It  is  being  realized  in  a  general  way  that  a,t  some  time  provision. for 
drainage  must  be  begun^  and  within  the  next  few  decades  doubtless  a 
fairly  comprehensive  plan  will  be  developed.  The:  diveiision  of  the 
Colorado  into  the  Salton  Sea  in  1905-06  resulted  in.  eroding  the  beds 
of  the  Alamo  and  New  Eivers  into  deep  wide  channels  which  will  be 
the  controlling  featvires  in  the  desjign  of  the  ultimate  drainage  system 
for  the  valley,  and.  thus,  produce  a  benefit  which  in  the  end  ;aiust 
certainly  exceed  the  total,  damages  resulting  from  such  diversion. 

Climate, — The  climate  of  the  region,  with  its  long,  hot,  dry  sum- 
mers, is  peculiarly  favorable  to  agricultural  luxuriance.  ,  Thus  it  is 
that  here  the  very  earliest  grapes,  fruits,  and  vegetables  are  produced 
for   the   United    States   market,    with   the   consequent    advantage    of 
commanding  the  highest  prices.    This  is  notably  true  of  the  Imperial 
Valley  cantaloupe,  now  famous  all  over  this  country,  and  of  the  early 
grapes,  asparagus,  etc.     0?i  account  of  the  very  low  humidity  and 
gentle  winds  which  blow  much  of  the  time  in  hot  weather,  the  sensible 
temperature — which  is  indicated  by  the  wet-bulb  readings  and  gives 
the  measure  of  heat  felt  by  the  human  body— is  much  less  than  the 
actual  temperature  as  measured  by  the  dry  bulb.     It  is  conservative 
to  say  that  a  temperature  of  llO*'  in  Imperial  Valley  is  not  more  un- 
comfortable than  95°  in  Los  Angeles  or  85®  in  the  more  humid  sections 
of  the  Eastern  States.    Furthermore,  the  nights  are  always  cool,  the 
low  humidity  resulting  in  rapid  and  large  daily  temperature  variations. 
At  the  samfe  time,  the  heat  in  the  Colorado  Desert  and  at  Yuma 
was  proverbial,  and  one  of  the  difficulties  which  the  project  had  to  en- 
counter was  the  Supposedly  frijghtfully  hot  summers;  indeed,  the  project 
would  otherwise  have  been  financed  very  much  earlier.    Since  the  con- 
trol of  the  diversion  canal  was  lost  in  1905,  the  impression  has  become 
general  that  the  project  of  irrigating  this  region  was  rejected  by  capi- 
talists as  involving  too  great  engineering  risks.    As  a  matter  of  fact, 
the  chief  difficulty  was  the  fear  that  the  torrid  climate  would  render 
colonization  very  difficult.    It  was  for  this  reason  only  that  Mr.  George 
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Chaffey  declihed  to  coiwider  Dr.  Wozencraft's.  solicitations  to  under- 
take the  enterprise  as  early  as  1885,  and  it  was  Mr.  Gkaffey's  subsequent 
experience  in  successfully  establishing  an  irrigation  enterprise  in  the 
interior  of  Australia,  where  a  maximum  temperature  of  125°  Fahr. 
was  often  reached,  which  led  him  ta  undertake  the  work  here  in  1900. 

The  International  Boundary  Line  ai  the  Sand  Hills, — Perhaps, 
everything  considered^  the  location  of  the  International  Boundary 
Line  and  the  Sand  Hills  which  lie  to  the  west  of  Pilot  Knob  and 
overlap  into  Mexico  for  several  miles,  constitute  the  most  important 
features  of  the  irrigation,  and  protection  from  inundation,  of  the 
Imperial  Valley.  It  is  this  which  makes  it  imjpossible  for  the  people 
of  American  Imperial  Valley  to  organize  to  protect  themselves  under 
the  laws  of  California.  The  menace  is  entirely  on  Mexican  territory, 
and,  apart  from  the  difl5culty  of  dealing  with  the  problem  as  one  of 
engineering  and  statecraft,  is  the  worst  feature  of  all,  namely,  the 
seeming  injustice  of  compelling  American  citizens  to  protect  their 
homes  against  a  menace  originating  entirely  on  foreign  soil. 

Aside  from  the  danger  of  the  diversion  of  the  Colorado  to  the  west 
and  into  the  Salton  Basin,  the  important  result  of  the  present  loca- 
tion of  the  International  Boundary  Line  is  that,  practically  speaking, 
water  cannot  be  taken  from  the  Colorado  River  and  carried  in  canals 
lying  wholly  on  American  soil  to  the  areas  in  American  Imperial 
Valley  susceptible  of  irrigation  by  gravity.  It  could  be  done,  but  it 
would  require  approximately  12  miles  of  a  closed  conduit  running 
under  the  sand  hills  and  costing  at  least  $10  000  000,  a  sum  practically 
prohibitive. 

Water  Bights, — ^Due  to  the  divided  authority  of  the  National  and 
State  Governments  v^ith  respect  to  permission  for  taking  water  from 
the  Colorado  River  as  a  navigable  stream,  water  appropriation  notices 
then,  as  now,  had  to  be  posted  and  filed,  under  the  laws  of  the  State 
of  California,  and  arrangements  had  to  be  made  with  the  United  States 
War  Department  as  well,  if  such  diversion  interfered  with  naviga- 
tion. It  appears  that  no  attempt  was  made  to  obtain  peripission  from 
the  War  Department  for  taking  water  from  the  river,  because  >  it  was 
almost  impossible  to  cause  any  "interference  with  navigation."  This 
failure  to  secure  permission  from  the  War  Department,  however,  had 
a  very  serious  result  later. 
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Ideal  Plans.— The  ideal  way  to  carry  such  a  project  through  is  now 
quite  obvious.  All  the  engineering  features  should  have  been  carefully 
worked  out,  elaborate  soil  surveys  should  have  been  made  by  well- 
recognized  authorities,  axLd  experimebtal  farms  should  have  been 
established.  The  irrigation  system  should  have  been  built  in  sections^ 
and  colonized  before  additional  ^reas  were  covered  by  canals.  Water 
rights,  entirely  free  from  any  possibility  of  attack^  should  have  been 
obtained.  In  the  light  of  experience,  the  writer  believes  that,  by  all 
means,  these  should  have  been  obtained  from  thie  Mexican  Government,, 
and  the  diversion  should  have  been  made  on  Mexican  soil,  or  the  de- 
velopment should  have  been  made  under  the  Carey  Act. 

Dealings  with  Mexico  would  have  meant  the  abandonment  of  the 
idea  of  diversion  works  founded  on  solid  rock,  but  a  structure  with  a 
wooden  (Caisson  foundation  extending  under  the  gates  proper  and  the 
wing-walls  would  have  been  just  as  safe  as  the  concrete  head-gate 
actually  put  in  later,  and  would  have  cost  little  more  money,  if  indeed 
as  much. 

The  ownership  of  all  private  interests  in  the  Salton  Sink  ought  to 
have  been  acquired,  and  such  permission  obtained  from  proper  Govern- 
ment authorities  that  this  naturally  depressed  basin  would  ever  be  avail- 
able without  question  as  a  receptacle  for  the  seepage,  drainage,  and 
waste  water  from  the  irrigated  lands  and  canals.  Data  as  to  silt 
deposition  and  the  cost  of  removing  it  from  canals  and  intakes  should 
have  been  obtained  from  experiments  carried  out  on'  ^  commercial 
scale.  Various  details  of  the  project,  in  short,  should  have  been 
worked  out  very  carefully  and  adhiered  to. 

However,  as  in  many  irrigation  and  other  projects  in  the 
West,  the  garment  had  to  be  out  according  to  the  cloth.  The  sum 
total  of  events  resulted  in  carrying  out  the  project  along  lines  which 
were  far  from  ideal,  but  which  later  proved  to  be  possible  of  execu- 
tion with  a  remarkably  sniall  amount  of  money,  everything  considered. 

I  •  r  «  • 

The  California  Development  Company. 

The  first  practical  ste^  toward  the  actual  irrigation  of  Imperial 
Valley  was  the  incorporation  of  the  California  Development  Com- 
pany, under  the  laws  of  New  Jersey,  on  April  26th,  1896.  After  two 
years  of  vain  endeavor  to  obtain  permission  from  the  Mexican  Govern- 
ment for  the  American  corporation  to  hold  ]and  and  acquire  rights 
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of  way  f Of.  the  main .  canals  into  American  Imperial  Valley,  it  was 
found  necessary  to  form  also  a  Mexican  corporation.  The  California 
Development  Company  has  a  capital  stock  of  $1250000,  divided  into 
12  500  shares  of  $100  each;  the  Mexican  Company — La ,  Sociedod  de 
Biego  y  Terrenps  de  la  Baja  Oalifomia,  Sqciedad  Anonii^ — ha^  a 
capital  stock,  of  $62  500,  all  of  which  is  owned  by  the  California  Qe* 
velopment  Cpmpany.,  Hereafter  ip  this  paper  the  California  Develop^ 
ment  Company  will  be  referred  to  as  the  C.  D.  Co.,  and  the  si:|b8idiary 
Mexican  corporation  as  the  Mexican  Co. 

The  general  practice  throughout  the  West  w^8,.and  still  13,  the  sal^ 
of  the  "water  right"  to  settlers  at  a,  definite  price  per  acre-r-usually 
the  right  to  buy  water  thereafter  at  specified  prices.  The  arrangement 
adopted  in  this  case  waa  the  formation  of  mutual  water  companies 
which  would  receive  water  wholesale  and  •  distributjB  it  to  their  stocks 
holders,  the  capital  Qtock  of  such  mutual  companies  constitjuting  the 
water  right. 

Organization  Under  the  Carey  Act, — It  would  undoubtedly  tiave 
been  pxuch  better  if  the  desert  land  in  the  United  States  had  been 
segregated,  and  if  the  project,  as  far  as  American  territory  was 
concerned,  had  been. carried  out  under  the  Carey  Act.  This  Act,  how- 
ever, had  not  been  passed  when  the  original  investigations  were  made, 
and,  when  financial  arrangements  were  concluded,  the  California 
Legislature  had  adjourned  and  would  npt  meet  for  nearly,  t^wro  years. 
Suoh  delay  was  deemed  too  great. 

Wat^r  Appropriations,— Water  filings  were  made  on  April  25th, 
1899,  on  the  right  bank  of  the  Colorado  River  about  3  000  ft.  above 
the  International  Bpundaiy  Line,  by  Mr.  C.  N.  Perry,  on  behalf  of 
the  C,  D.  Co.,  appropriating  lOOOQ  sec-ft;,  of  the  flow  of.  the  Colorado 
River  to  be  used  for  the  irrigation  of  American  lands  in  the  Imperial 
y alley.  No  serious,  attempt  was  made  to  obtain  water  rights  in  Mex- 
ico—in Mexican,  territory  there  waa.no  chance  to  found  diversion 
works  on  rock,  and  money  for  the  first  work  of  promotion  would  have 
been  difficult  to  bbtkin  with  a  projected  intake  in  that  country. 

Bights  of  Way.^-rrTh.e  C.  D.  Co.  pur(5hased  31.6  acres. of.  patented 
land.' along. the  river  just  north,  of  the  International  Boundary  Line, 
and  these  included  the  rocky  point  of  Pilot  Knob;  and  tiie  Mexican 
Co..  acquired  .10000  acres  in  Mexico,  belonging  to  Gen.  Guillermo 
A^drade^.  find  lying,  generally  south  of  the  Boundary  Line,  as  shown 
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in  Pig.  9,  together  with  the  bed  of  the  Alamo  River,  which  ^ctended 
beyond  the  boundaries  of  this  tract.  In  the  American  Imperial  Valley 
(all  the  land  belonging  to  the  Government  except"  Sections  16  and  36, 
belonging  to  the  State  of  California;  and  known  as  "school  sections") 
rights  of  way  could  not  be  purchased  outright,  but  easements  therefor 
were  easily  obtained  as  at  present  by  application  to  the  Secretary  of  the 
Interior,  accompanied  by  maps  and  descriptions  of  the  proposed  con- 
structions. AH  ri^ts  of  way  and  property  required  for  the  construc- 
tion of  the  project  were  thus  arranged. 

Oontractual  Relation  of  the  0.  D.  Co.  and  the  Mexican  Ga,"^ 
The  two  companies  entered  into  a  contract  by  the  terms  of  which 
the  C.  D.  Co.  turned  over  to  the  Mexican  Co.  all  the  water  to  be 
diverted  from  the  Colorado  River  by  the  former  where  the  canal 
crosses  the  International  Boundary  Line  at  Algodones;  the  Mexican 
Co.  agreed  to  deliver  water  to  water  users  in  Mexican  territory  as 
required  and  the  remainder  of  the  supply — ^the  larger  part  by  far — 
to  the  American  water  users  at  points  on  the  International  Boundary 
Line  from  40  to  50  mil^  west  of  the  river,  and,  from  the  water  users 
of  both  eofuntries^:  to  collect  for  the  water- furnished,  on  a  quantity 
basis;  the  C.  D.  Co*  agreed  to  build,  maintain,  and  operate  all  the 
Mexican  Co.^s  irrigation  construction  in  Mexico ;  the  Mexican  Co., 
in  consideration  thereof,  agreed  to  pay  the  C.  I>.  Co.  all  sums  received 
by  the  former  fot  water  rights,  water  stock,  and  water  rentals  from 
water  users  in  the  Uniied  States.  These*  agreem^itd  were  limited  to 
water  for  lands  which  were  irrigable  by  gravity  from  the  system  of 
canals  beginning  at  the  head^woriis  constructed.  It  was  stipulated,  fur- 
ther, that  no  contract  should  be  entered  into  with  the  Mexican  Co.  giv- 
ing any  person  or  corporation  superior  right  over  any  other  water  user 
by  reason  of  priority  in  date  of  contract  or  otherwise,  and  that  the 
C.  Di  Co.  should  not  be  responsible  for  failure  to  deliver  water  to  the 
Mexican  Co.  from  any  cause  beyond  its  control,  although  admitting 
obligation  to  use  due  diligence  in  protecting  canals  and  maintaining 
the  flow. of  water  therein.  ' 

By  this,  arrangement,  the  Mexican  Co.  retains  the  money  received 
from  the  water  delivered  to  Mexican  water  users,  and  is  put  to  no 
construction,  maintenantje,  or  operation  expense  whatever.  This 
arrangement,  however,  is  not  as  advantageous  as  at  flrst  appears, 
because  the- gross  annual  i^ater  rentals  from  Mexican  water  users  did 
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not  amount  to  $10  000  gold  per  annum  until  the  beginning  of  the 
ninth  year,  while  the  right  of  w4y  contains  at  least  2  500  acres  of  land 
and  includes  60  miles  of  the  Alamo  River  channel,  which  is  utilized 
as  a  main  canal.  It  will  be  a  number  of  years  yet  before  the  receipts 
of  the^  Mexican  Co.  will  be  sufficientl|y  large  to  make  th^  contract  an 
unusually  profitable  one. 

Muttuil  Water  Companies. — Next  to  the  general  plan  of  arranging 
to  require  the  purchase  by  settlers  of  the  water  right  usual  in  such 
cases,  the  fundamental  idea  wa^  delivery  of  water  to  mutual  water 
companies  instead  of  individuals,  the  mutual  companies  to  be  operated 
by  the  holders  of  stock,  namely,  the  farmers  in  their  respective  dis- 
tricts. .  The  various  mutual  companies  thus  run  their  own  local  affairs 
and  join  together,  through  the  C.  D.  Co.  and  the  Mexican  Co.,  in  a 
community  main  canal  leading  from  the  river  to  the  settlement  west 
of  the  Sand  Hills. 

Triparty  Contracts, — The  mutual  water  companies  required  the 
construction  of  a  distribution  systeim,  and  ought  or  ought  not  to  have 
paid  a  bonus  for  the  contract  to  receive  water  at  the  International 
Boundary  Line,  depending  entirely  on  the  conditions  under  which 
the  water  should  be  delivered,  and  the  price  to  be  paid  for  it.  A  tri* 
party  contract  was  entered  into  between  the  Mexican  Co.,  the  C.  D.  Co., 
and  each  of  the  mutual  water  companies,  imder  the  terms  of  which 
the  Mexican  Co.  agreed  to  supply  water  to  the  mutual  watei^  compa* 
nies  ^W  demand"  and.  at  definite  points  on  the  Intematianal  Bound- 
ary Line  in  the  Imperial  Valley  for  60  cents  per  acre-ft.,  to  be  used 
only  on  lands  within  the  respective  districts ;.  provided,  however,  that 
the  aggregate  quantity  of  water  necessary  to  deliver  under  the  con- 
tract should  not  exceed  four  times  the  number  of  acre-feet  per  annum 
that  there  were  shares  of  capital  stock  in  the  mutual  company;  the 
mutual  company  agreed  to  order  dnd  pay  for  at  least  1  acre-ft.  of  water 
each  year  for  each  shiare  of  its  stock  sold  and  located^  regardless  of  its 
use  by  the  mutual  company  or  by.  its  stockholders;  the  C.  D.  Co. 
agreed  to  build  the  distribution  system  of  the  mutual  company  and 
to  maintain  certain  definite  portions  of  the  cainal  thereof  perpetually, 
reserving  the  right  to  develop  and  use  the  water-power  that  might  be 
obtained  from  the  waters  running  through  any  of  the  canals,  including 
those  of  the  mutual  company ;  a:  provision  was  made  that  at  the  end 
of  3  years  the  loss  of  water,  to  the  C.  D.  Co.  in  evaporation  from 
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the  canals  of  the  mutual  company  should  be  determined,  and  such 
an  extra  allowiance  of  water  be  supplied,  as  so  determined,  to  the  end 
that  only  the  net  quantity  reaching^  each  half  section  of  land  should 
be  paid  for;  and  the  mutual  water  company  turned  over  all  its  capi- 
tal stock  to  the  C.  D.  Co.  and  agreed  to  locate  such  stock  on  any 
lands  within  the  exterior  boundary  lines  of  its  district  on  order  of 
the  C.  D.  Co.  The  C.  D.  Co.  sold  the  capital  stock  of  these  viari- 
ous  mutual  companies  to  the  settlers,  and  .  with  the  proceeds  built 
the  main  canals  in  the  United  States,  the  canal  system  in  Mexico 
which  belongs  to  the  Mexican  Co.,  and  the  distribution  systems  which 
became  the  properties  of  the  various  mutual  water  conipaniesl 

There  were  eight  of  these  triparty  contracts;  they  were  essentially 
similar,  though  no  two  were  exactly  alike  in  every  detail.  The  con- 
tract between  the  Mexican  Co.  and  the  C.  D.  Co.,  and  thie  triparty 
contract  as  just  outlined,  together  with  the  by-laws  of  the  mutual 

companies,  show  the   contractual  relation   of  the  water  user  to  the 

...  ...        .  ■.•,'" 

organizations  on  which  he  depends  for  water.  These  by-laws;  in 
general,  provide  that  each  share  of  stock  shall  represent  the  right  to 
purchase  water  for  the  irrigation  of  1  acre  of  land;  that  stock  issued 
shall  have  written  on  its  face  a  description  of  the  land  on  which  it 
is  located;  that  no  stock  shall  be  located  on  any  lands  outside  those 
described  in  the  articles  of  incorporation;  that  one  share  and  no  more 
shall  be  located  on  each  acre  of  land  which  can  be  served  by  the  ditches 
of  the  company;  that  owners  of  stock  issued  but  not  located  shall  not 
be  entitled  to  receive  any  water  represented  thereby,  but  shall,  never- 
theless, be  liable  for  all  assessments,  the  same  as  oth^r  outstanding 
stock  of  the  company;  that  the  shares  may  be  transferred;  and  that 
acceptance  by  any  stockholder  of  a  certificate  of  stock  shall  be  con- 
sidered as  a  ratification  by  him  of  any  and  all  contracts  between  the 
mutual  company  iti  question  and  the  C.  D.  Co. 

The  inter-relations  of  the  water  users  and  the  various  corporations 
have  been  given  in  detail  because  of  a  general  impression  that  the  plan 
was  devised  for  the  purpose  of  taking  advantage  of  the  settlors.  In 
its  operations  it  has  resulted  in  no  unfairness  of  any  importance  to 
any  of  the  parties  concerned.  Considering  all  the  circumstances,  the 
prices  charged  for  water  rights  were  very  low — $5.75  at  the  beginning, 
up  to  $20  at  present,  and  averaging  $12  per  acre  as  the  total  cost  to 
the  settler,  on  easy  terms — and  the  total  annual  water  rental  from  the 
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TABLE  7. — Comparative  Statement  of  Earnings  and  Expenses 

OF  the  California  Development  Company,  for  November,  1909. 

(Property  on  a  seriously  deteriorating  basis.) 


Eabnings  : 

Water  sales 

Water-power  royalties 

Rent,  buildings  and  other  property. 
Mifloellaneous  earnings 


Gross  earnings  from  operatioD. 


OPBRATOfG  Expenses  : 

Maintenance.  canaU  and  structure* : 

Superintendence 

Maintenance  and  cleaning  canals. . 

Bridges  — 

Canal  structures 

Buildings,  fixtures  and  grounds 


Total. 


Maintenance  of  levees : 


Superintendence 

Fatroling ; 

Roadway  and  track 

Telephone  and  tel^rsph  lines. . . 
Buildings,  fixtures  and  grounds. 


Total. 


Maintenance  of  equipment : 

Vehicles...  A.... 

Grading  implements 

Corrals. . . . , 

Machinery 

Shops 

Automobile 

Motor  cars 

Dredges 


Total. 


Distribution  of  water: ' 

Superintendence : 

Zanieros , 

Calibration  and  water  measurement. , 

Telephone  and  telegraph  lines 

Damages.. ., 


Total 


Qeneral  expense : 

Salaries  and  expenses,  general  offices. 

Office  expenses 

Law  expenses 

Stationery  and  printing. 

Other  expenses 


Total. 


Total  operating  exx>en8es. 


Net  earnings. 
Taxes.... 


November, 
11X)0. 


$18  906.20 

418.90 

^.06 

66.45 


$14  478.60 


$168.88 

10  688.76 
2S8.04 
901.70 
824.81 


$12  702.14 


$102.66 

126.12 

84.87 


$318.64 


I  ■ 


$86.28 


29.01 


84.71 
185.86 
.88.84 
281.42 


$649.07 


$168.70 

760.00 

21.52 

168.40 


$1  108.62 


$2  981.66 
882.87 
618.28 
182.86 
107.40 


$4  172.07 


$18  945.44 


$kh71.8k 
$197.76 


6  months 

ending 

November 

80th,  1909. 


$98  286.75 

17T2.80 

488.51 

420.68 


$96  918.74 


$641.68 

47  180.74 

406.88. 

2  444.57 

8192.44 


$58  818.26 


$210.00 
877.87 

1084.01 

217.04 

44.87 


$1888.29 


$676.47 

14.28 

686.56 

583.46 

156.26 

1 115.04 
154.46 
938.18 


$4  012.64 


$997.22 

8  868.63 

866.00 

815.68 

60.00 


$6  066.88 


$15  444.09 

1 515.04 

8  899.92 

684.86 

459.67 


$22  008.58 


$87  804.15 


$8  114.59 
$1  184.88 
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water  usert  in  tie  vall^;^^  will  no*  snffice  to  pay  maintenance,  opera- 
tion, and  general  expenses,  propierly  figured,  until  suqIi  time  as  about: 
700000  acre-ft.  of  water  are  sold  annually.  At  the  end  of  9  years 
the  sales  have  not  yet  reaehed  that  figure.  Fig.  4  shows  the- boundaries 
of  the  lands  of  the  various*  mutual  water  companies  in  the  valley  and 
under  whose  distribution  systems:  lie  all  the  lands  which  are  as  yet 
irrigated. 

Operation  of  Triparty  OontracL-^'Eor  8i  years  the  writer  Was 
G^eral  Manager  for  both  the  O.  D.  Co.  and  the  Mexican  Co.,  and 
handled  all  matters  between  these  companies  and  the  various  mutual 
water  companies.  During  the  latter  portion  of  that  time,  the  pro* 
tection  of  the  Imperial  Valley  from  inundation  by  the  Colorado  had 
become  quite  as  important  as  its  irrigation,  and,  for  this  protection,  of 
course,  no  provision  was  contemplated  in  these  contracts.  Exceipt  for 
that,  the  arrangement  proved  to  be  very  satisfactory,  and  produced 
a  smooth  and  comfortable  relationship  unusual  in  irrigation  enter- 
prises. As  a  result  of  litigation,  the  Supreme  Court  of  California  has 
just  declared  the  whole  scheme  practically  legal.  The  l!mperial  Irriga- 
tion District  was  created  several  months  ago,  and' the  directors  thereof 
have  decided  to  take  over  only  the  functions  which  the  0.  D.  Co.  and  the 
Mexican  Co.  now  perform,  and  will  not  interfere  in  any  way  with  the 
mutual  water  company  plan  of  organization,  or  the  water  companies 
themselves. 

TABLE  8. — Statement  of  Earnings  and  Expenses 
OF   La  Sooiedad  db  Irrigacion  y  Terrenos  de  la  Baja  California. 


Gross  BUbUinos , •  •  • 

Opbratino  Expbmses:        ' 
Dittribution  of  water : 

Oenercd  expense :  ,    ^  ^    ,    , 

Salaries  and  expenses,  general  officers  and  clerKs. . . 

Office  expenses • 

Law  expenses 

Stationery  and  printing 

Inspection  fund  (Mexican  GoTernment) ..:....:..... 

O  ther  expenses  ......,..,,......• •  • 

^ ■  ■ 

Total 

.  ■    i — — » — ■  _ ■  ■  •     

Total  operating  expenses 

Net  earnings,. ., , 


November  Bth, 
1W9. 


$641.80 
0.00 

481.54 
64.07 

888.99 
89.55 

160.00 


$1  180.40 


$1  180.40 


$1,89.20 


6  months, 
ending  Novem- 
ber aotb,  1900. 


$5. 187.89 

0.00 

8  078.85 
841.88 
696.64 
101.81 
TStf.OO 
668.47 


$4  626.49 


$4  686.49 


$500.90 
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Imperial  Land  .Company. ^-T^e  parties  wbo  were  indileed  to  back 
the  enterprise  financially  were  afraid  of  the  colomisation ;  endj  and 
would  have  nothing  whuteyer  to  do  with  it*  Accordingly,  it  wfts  neceg* 
sary  to  fonn  a  colonization  company— the  Imperial  Land  Gdmpany— !■ 
which  was  incorporated  under  the  laws  of  California  in  March,  1900, 
and  consisted  in  part  of  some  of  the  promotersof  the  C*  D.  Co*  and  in 
part  of  other  people.  This  corporation  contracted  to  do  all  advertising 
and  colonizing  and  sell  all  water  stock  in  consideration  of  having  the 
eixclusive  privilege  of  town  sites  and  a  cominission.  of- 25%  on.  water- 
stock  sales.  By  using  Government  land  serip^  this  company  obtained 
immediate  ownership  in  fee  simple  of  tracts  of  land  in  various  parts, 
of  the  valley  and  subdivided  them  into  town"  sites.  These  town  sites* 
were  covered  with  water  stock  in  order  to  obtain,  water  for  domestic  and 
municipal  use  through  the  assistance  of  the  mutual  companies,  because 
no  wells,  except,  some  very  deep  and  unsatisfactory  ones  quite  recently 
sunk  on  the  east  side  of  Imperial  Valley,  have  ever  been  possible  for 
domestic  supply.  The  Imperial  Land  Company  thus  established  the 
town  sites  of  MiBxicali,  in  Mexico,  and  Calexioo,  Heber,  Imperial,  and 
Brawley,  in  California.  The  other  town  sites — ^El  Centre,- the  county 
seit,  Holtvillci  Sceley,  Dixieland^  and  several  smaller  places  were  plat- 
ted and  put  on  the  market  by  other  parties  later. 

TABLE   9. — Operating  IIxpenses   of   California  Development   Co., 

January  1st,  1908,  to  March  31st,  1909. 


M&ttiteniiDce,  canals  and  structures. 

Maintenance,  levee 

Maintenance,  equipment. 

Distribution  of  water 

General  expense* 

Construction  of  canals 

Construction  of  levees 


Totals 


1908, 
12  months. 


$71  419.94 
10  260.85 
18  528.69 
16  618.42 
75  162.82 
78  765. 1J{ 
82  808.09 


$297  058.43 


1909, 

Jaiiuary, 

February,  and 

March. 


$18 


177.82 

647.24 

4  182.21 

4  559.10 

12  277. 7iB 

27  859.47 

82  297.84 


$99  500.94 


*  Of  this  sum,  $30  665.28  was  litigation  ezpensesand  costs. 

During  1911  the  total  net  deliveries  of  water  to  the  mutual  water  companies  in  the 
United  States  were  597  178  acre-ft.,  or  $296  490.98. 

Thi8  colonization  company  in  general  was  successful,  but  not  to  the 
extent  which  would  be  expected,  considering  the  unprecedentedly  rapid 
settlement  of  the  region,  and  the  contract  was  certainly  a  fair  one  to 
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the  C.  D.  Co.,  up  to  the  time  of  its  abrogation  in  1906.  Water  stock 
was  sold  to  the  isettlers  fot'  small  cash  payments  and  notes  payable  in 
five  yeftriy  settlements  at  6%  interest,  such;  notes  being  sequrj^d  by  a 
pledge  of  the  water  st<)cfc  piirchased.  Manyotf  the  settlers  had  scant 
means  and  only  a  filing  right  on  the  land,  so  that  the  water  stock  was 
not  made  appurtenant  to  the  land,  but  left  as  personal  property.  The 
initial  payment  went  to  the  Imperial  I^and.  Company,  and  was  by  it 
used  for  advertising  and  other  essential  purposes,  the  collateral!  notes 
secured  by  thei  water  stock  being  taken  by  the  C.  D.  06* 

■ »  ^^^^  ' 

TABLE  10.'^ Average  Diversion  and  Deliveries  op  Water  by  the 
Canal  Systems  op  the  C.  D.  Co.  and  the  Mexican  Co.  fo^  the 
Week  Ending  January  19th,  1912. 


>  *■>■ 


Gauge  at  Vuma W-B.  ft.  , 

Gauge  opposite  intake — . . . . .       106.9  "    ' 

Elevation  of  bottom  of  diversion  gate 98.0  " 

Average  flow  of  Colorado  River  at  Yuina. 4  000  ,  sec-ft. 

Diverffion  from  Colorado  River  at  Andrade 1  8o9        "    •* 

Used  in  Mexico 87     sec-ft. 

Used  in  United  States 894.6"     " 

*Wasted at RositatB waste>gate «8t.«  ^'     ". 

TotaJ.;...i; ', '. ^,....*..  J  358.9  seCrft. 


I '  ■ 


Total  loss,  Ansdrade  to  Sharps «Ofi. l.sec-ft. 

*  171.1  sec-ft.  of  this  passed  through  the  plant  of  th^  Holton.  Power  Company  en  route 
to  this  waste-gate  for  developing  electrical  energy. 

This  loss  equals  19.0%  in  about  46  miles  of  main«anal,  chiefly  the  )>ed  of  the  old  Alanu) 
Riv^,  or  0.43%  per  mile  on  the  average— aii  extremely  Iqw  figure. 

Management   of   the   (7.    D,    Oo.-^Belta-  Investment    Company. — 

Until  the  water  rentals  became  of  importance,  these  collateral  notes 

'  •  '  •  •        •      ■  ■      '    .  .  .  ■  •        ''',.■'■■       " 

constituted  the  only  receipts  of  the  G,  B.  C04  and  these  assets  were 

looked  on  with  considerable  suspicion  by  the  financial  institutions  of 

Los  Angeles.    Neivertheless,  they  might  hav6  been  taken  as  collateral 

at  about.  25   centa  on  the  dollar- had.  not  the:  merit  of  the   entire 

enterprise  been  rendered  questionable,  in  various,  ways,  as  explained 

later.  ,  When    this  :  <iccurred  .  the    Delta    Investment    Company    was 

formed — in  the  fall  of  1901 — ^with  assets  consisting  solely  of  G.  D.  Go* 

and  Imperial  Land  OompAny  stock  contributed  by^  the  wealthier  people 

of  the  enterprise.     This  company  was  given  a.  contract  to  take  over 

all  the  0.  D.  Co.'s  bonds  at  50  cents  on  the  dollar,  and  all  its  collateral 

notes  and  mortgages  at  the  same  discount.     By  this  arrangement,;  the 

Delta    Investment   Company    practically    coiitroUed    the    C*    D.    Co^ 

although  the  amount  of ; the  G..D.  Go,  stock  held  by  it  was  much  less 

than  a  majority.  •  ;   . 
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TABLE  1L--^Annual  Expenditubes: 
OP  Imperial  Water  Company  No.  1  bob  19.11. 

Capital  stock  =  100000  shares,  all  of  which  have  been  sold,  and 
are  located  on  100  000  acres  of  laiid.  Total  length  of  canals  =?  373.25 
milesi 


Maintenance:  . 

Superintendence , » $7  000.00 

Eneineerinf?. ......'...« 1800.00    • 

Corral 3  805.11 

Automobile...... ;...:...... 500.00 

Shops 2  463.18 

Materials  and  supplies. v.... 28046.11     < 

Labor,  men  and  teams 75  887.41 

Damages 645.91 

Muskrats,  bounty  at  $1  each ; 4»2i00 

$114  489.67 

Operation : 

Superintendence $3  815.74 

BneineerinK ;.....  .1. 168.81 

Zanjeros... ^ i»609.02 

Corral 8  192.86 

Autoiiaobile • #76.89 

Materials  and  Supplies. ,.,.......,..  1  892.% 

Telephone ..      w0.16 

Water  meters. .......:..,......;....  260.47           _• 

'      '■•    ■  ■    ■  82  675.98 

General  Expense ;        .      . 

Salaries $6  4V),02 

General  expenses ; 2  971.18 

Printing  and  stationery 489.94 

•  Taxes  And  insurance 956.69 .  •.     ■ 

Furniture  and  fixtures 520.45 

Legal  expenses 10.889.88 

—       22187.51 

Imperial  Water  Compahy  Ko.  1,  expense. ;.........;. ...  "        $169  308.11 

Water  Sought  (frota  the  C.  P.  Co.)  805188  acre-ft.,  less  10%  allowance  for 
seepage  and  evaporation,  at  90  cents  per  acre-ft.,  on  net  aiiibunts .....;      187  882.60 

Total expentiitures*.,,.: ..»>..    $806,635.61 


^^~^i^" 


*  The  expenses  of  the  company  were  almost  exactly  $1.70  per  acre,  and  the  water  rent- 
als paid  to  the  C.  D.  Oo.  $1 .87  per  acre.    The  total  cost  tq  the  farmers,  thereforei  f^ven^^ed 
S.05  divided  by  2,747,  or  $1 .  11  per  acre-ft.— a  very  low  figure  for  water  in  California,  where 
,  e  "  water  right ''  averages  $12  per  acre,  or  indeed  much  more. 

It  must  be  admitted  that  the  Delta  Investment  Company  took  over 
such  securities  at  a  larger  price  than  could  have  been  obtained  from 
any  other  source.  Nevertheless,  the  securities  were  really  good,  every* 
thing  considered;  and  quite  a  few  large  and  apparently,  strange  and 
dishonest  transactions  were  made  between  the  two  corporations.  Money 
was  forthcoming  for  construction  purposes,  but  was  costing  the  C.  D. 
Co;  $3  for  every  $1  obtained:  The  result  was  that  in  a  couple  of  months 
serious  dissensions  arose,  and  in  February,  1002,  an .  adjustment  wias 
made  cancelling  the  contracts  with  the  Delta  Investment  Company 
and  Mr.  Chaffey,  who  thereupon  retired  from  the  enterprise.  March 
1st,  1902^  therefore,  fotind  the  C.  D.  Co.  a  going  concern,  and  Imperial 
Valley  a  reality,  but  the  parent  company,  with  all  its.  bonds,  gone,  its 
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collateral  notes  and  mortgages  largely  depleted,  no  money  in  the  treas- 
ury, and  deeply  in  debt.  Shortly  afterward  actual  results  from  farm- 
ing under  the  project  were  950  reassuring  that  the  Company  was  able 
to  borrow  $25  000  from  the  First,  National  Bank  of  Los  Angeles. 

The  contract  with  the  Delta  IiiTestment  Company  was  a  serious 
thing  for.  the  C.  D.  Co.,  but,  to  be  perfectly  fair  in  presentation,  it 
itiust  be  borne  in  mind  that  the  financial  interests  had  their  confidence 
in  the  project  violently  shaken  by  advance  rumors  of  an  adverse  Gk)v- 
ernment  soil  report  (tp  be  discussed  later). 

With  the  exception  of  the  arrangement  with  the  Delta  Investment 
Company,  no  proper  criticism  can  be  made  of  the  handling  at  the 
finances  of  the  whole  irrigation  project,  as  far  as  any  of  the  promoters 
of  the  irrigation  company  are  concerned.  The  writer  has  had  qppor- 
tunity  and  occasion  to  investigate  thoroughly  the  relationship  of  all 
the  corporations,  and  in  common  fairness  must  state  that,  though  the 
deals  back  and  forth  were  many  and  diverse,  they  were  othei'wise 
with  very  few  exceptions  reasonable  and  fair,  when  the  circimistances 
and  reasons  which  produced  them  are  given  the  proper  weight.  Further- 
liiore,  the  general  aims  and  plans  which  the  company  practically  suc- 
ceeded in  carrying  out  do  not  merit  any  more  criticism  than  those  of 
the  average  Western  irrigation  project,  if  indeed  as  much.  Had  the 
break  in  the  Colorado  River  never  been  allowed  to  get  beyond  control-r- 
and it  never  would  have  happened,  in  spite  of  all  obstaclies,  had  the 
loan  of  the  Southern  Pacific  Company  (referred  to  later)  been  ar- 
rianged  6  months  earlier  than  it  was — ^the  C.  D.  Co.  would  undoubtedly 
have  proved  to  be  one  of  the  most  successful  private  irrigation  en- 
terprises throughout  the  entire  land. 

Colorado  River  Land  Company. — It  is  well  at  this  time  to  mention 
the  Colorado  Eiver  Land  Company  and  the  New  Liverpool  Saflt  Com- 
pany.^  The  former  is  a  corporation  consisting  principally  of.  Southern 
California  stockholders,  incorporated  under  the  laws  of  Mexico,  and 
owning  about  1000  000  acres  south  of  the  International  Boundary 
Line  and  west  of  the  Colorado  Eiver.  It  owns  all  the  Colorado  Siver 
Delta  west  of  the  river  in  Mexico  except  162  000  acres,  the  location  of 
these  holdings  and  those  of  other  important  Mexican  land  owners 
being  shown  on  Fig.  4.  The  existence  and  operation  of  this  corpora- 
tion have  lately  become  important  as  being  the  agency  through  which 
the  United   States  Government  has  handled  the  river  control  work 
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recently  done  by  it.    The  coibpany  will  hereafter  be  referred  to  as  the 
C.  M.  Co.,  as  it  is  locally  oalled. 

The  New  Liverpool  Salt  Oowpany.-^This  corporation  was  organized 
many  years  ago  for  the  purpose  of  obtaining  salt  from  the  deposits 
in  the  bottom  of  the  Salton  Sink,  and  began  operations  in  1884.  In 
1904  its .  plant  was  reasonably  satisfactory  in  its  details  and  had  a 
ciapacity  of  1200  tons  of  salt  per  month.  The  actual  value  of  the 
plant  and  the  salt  beids,  taking  iato  consideration  the  excellent .  quality 
of  the  salt,*  the  conditions  under  which  the  Company  operated,  and 
the  competition. it. had  to  meet,  is  of  course  impossible  to  determine 
without  access  to  the  company^s  records.  It  appears,  however,  that 
negotiations  at  that  time  were  peiuliBg  for  its, sale,  the  figures  being 
$160  000  asked  and  $100000  offered.  ,  When  the  water  began  to  .come 
into  the  sink  in  large  :quantitieB,  negoitiations  were  dropped,  and  the 
entire  plant  was  soon  buried  by  the  Salton  Sea., 

Operations  of  the  California  Development  Company. 

When;  the  C.  I).  Co.  was  ready  to,  begin  opeijations,  there  was  on 
the  lower  river  a  dipper  (Jredge  with  a  4-yd.  bucket  which  had  been 
built, and  equipped  by  the  Hon.  Eugene  S,  Ives,  of  Yuma,  Ariz.,  and  his 
associate,  for  digging  irrigating  canals  near  Yuma..  This  dredge 
was  bought  by  the  company  in  exchange  for  guaranteed  bonds,  floated 
down. the  river,  and, .in  August,  1900,  set  to  work  excavating  a  canal 
alon^  the  lines  marked  "Original  Intake"  in  Fig.  13  and  then  follow- 
ing, the  old  Alamo  overflow  channel  to  a  point  8  miles  below.  From 
that  point  the  Alamo  channel,  with  a  little  diking  here  and  there, 
had  sufficient  capacity  to  carry  for  some  time  the  water  needed.  From 
the  beginning  of  actual  construction  until  he  left  the  enterprise  (April, 
1900,  to  February,  1902),  Mr.  George  Chaffey  was  President  and  Chief 
Engineer  of  the  Company. 

About.  500    ft.    above    the    Boundary    Line    a    temporary    wooden 

head-gate.   Fig.    11,   known .  locally   as   the   "Chaffey"   gate,   was   put 

-.-.,...,'■.  .<     .  .     ,, .        '  ,     .■• ,    *  •     . 

■   '.<     ^ 

*  The  pul^istaed  analyses  of  the  deposit  give  the  following-  arentee .:   • 

Sodium  chloride 96.15 

-     'Medium  sulphate... ;...« ..; ..-.  — ; — ....  0.70 

Calcium  sulphate 0.60 

Magnesium  sulphate. .. . .1...... :. .1.60' 

^soluble p. 10 

•                   water :..: 0.85 

100.00 

The  Caiitornia  State  Mineralo^st  reports  the  Valutas  %i  per"  ton.         '    • 
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in.  This  was  a  well-designed  and  weH-built  wooden,  A-frame,  flash- 
board  gate,  70  ft.  long,  15  ft.  high,  with  a  plank  floor,  aind  founded  on 
piling.  When  it  was  built*  nothing  was  known  or  even  suspected  with 
reference  to  the  rapid  and  large  variation  in .  elevation  of  the  river 
bed  at  varying  flood  stages  and  otherwise,  and  it  is  not  surprising, 
therefore,  that  the  floor  was  not  put  as  low  as  it  should  have  been, 
but,  even  so,  it  was  not  as  deep  as  planned  on  accorunt  of  an  unnaturally 
early  summer  flood.  The  structure  was  made  no  larger,  not  because  of 
cost,  but  because  it  seemed  certain  that  when  more  water  than  the 
gate's  capacity  should  be  required,  that  fact  would  mean  such  revenues 
as  to  permit  building  the  permanent  concrete  and  Steel  diversion  works 
at  Pilot  Knob,  regardless  of  all  other  considerations.  In  passing,  it 
may  be  said  that  the  construction  and  design  of  this  temporary  head- 
gate  was  fully  equal  to  that  of  any  throughout  the  West,  even  to-day. 
The  floor,  however,  was  quite  too  high. 

At  what  is  known  as  Sharp's  Heading,  the  Alamo  channel  was 
abandoned  as  the  main  canal,  and  the  controlling  works  for  the  valley 
end  were  put  in.  These  consisted  of  a  wooden,  A-frame,  flash-board 
gate  in  the  continuation  of  the  Alamo,  a  similar  gate  at  the  head 
of  the  Encina  or  West  Side '  Main  canal,  and  a  combined  gate  and 
drop,  known  as  Sharp's  Head-gate,  from  which  leads  off  the  Central 
Main,  the  chief  canal  in  the  valley. 

This  last  structure  is  well  worth  describing  in  some  detail.  In 
the  first  place,  it  is  a  most  vital  part  of  the  system,  because,  being 
a  combination  of  a  drop  and  regulating  gate,  were' it  to  fail,  thie  Water 
in  the  Alamo  or  Main  Canal  above  it  would  immediately  be  lowered 
far  too  much  to  permit  taking  out  any  whatever  for  the  East  and 
West  Side  Mains.  To  realize  the  consequences  of  this,  it  must  be  re- 
membered that  irrigation  water  is  needed  every  day  iii  the  year,  and 
that  no  stock  and  domestic  water  for  the  entire  region,  except  for 
the  Town  of  Soltville,  can  be  had,  except  from  the  irrigation  system 
and  by  being  brought  in  by  the  railroad  in  water  cars.  In  the  second 
place,  for  several  months  consecutively,  in  each  year  since  1905,  it  has 
been  taxed  beyond  the  capacity  for  which  it  was  designed,  without 
developing  any  serious  weakness.  Furthermore*  at  intervals  of  about 
18  months,  since  it  was  put  in  service  in  1903,  the  canal  above  it  has 


^ ji  ■»■■ . 


*  Nothing  really  was  bnowo  abQut  t^e  Qbanges  in  elevation  of  the  riyer  bed  until  .1907 
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been  emptied  for  periods  of  not  more  than  60  hours  to  permit  of  in- 
spection and  light  repairs,  but  the  very  first  overhauling  or  extensive 
repairs  were  begun  on  January  5th,  1912. 

The  writer  confesses  to  a  predilection  for  permanent  structures  of 
masonry,  concrete,  or  steel,  and  this  gate  and  the  Alamo  Waste-gate, 
built  in  1905,  were  nightmares  to  him  while  in  charge  of  the  prop- 
erties. It  Would  seem  that  a  large  part  of  this  was  worry  wasted, 
however. 

Sharp's  Head-gate  was  designed  by,  and  built  und6;t  the  direc- 
tion of,  Mr.  0.  ^,  Perry,  then  Eesident  Engineer  of  both  companies, 
the  fundamental  idea  being  to  cut  up  the  foundation  into  a  number  of 
water-tight  compartments.  Plates  XLIV  and  XLV  show  this  con- 
struction. 

Where  Beltran's  Slough  leaves  the  Alamo  channel,  a  wooden,  flash- 
board  gate  was  built  to  waste  water  through  Beltran's  and  Garza's 
Sloughs  into  the  New  Eiver,  but  about  3  months  after  being  put 
in  service  it  failed,  due  to  back  currents  below  it. 

The  original  plan  for  supplying  the  territory  to  the  east  of  the 
Alamo  w^s  to  utilize  the  Alamo  channel  from  Sharp's  Heading  to 
Holtville,  an  earthen  dam  being  used  to  bring  the  water  to  the  surface 
of  the  land  at  that  point.  This  dam  soon  failed,  and  the  canal  from 
there  was  connected  with  the  Alamo  at  a  point  about  IJ  miles  above 
Sharp's,  such  connection  being  made  in  record  time,  with  a  cross- 
section  only  large  enough  for  the  demand.  The  idea  was  that  erosion 
would  enlarge  it,  which  in  general  has  been  the  case,  although  some 
blasting  was  required  to  assist  the  action.  Originally  known  as  No.  5 
Main,  the  canal  is  generally  called  the  East  Side  Main.  It,  as  well  as  the 
West  Side  Main,  is  occasionally  broken  in  places  by,  the  severe  rain- 
storms— almost  cloudbursts — which,  occur  at  infrequent  intervals  in  the 
region.  To  provide  absolute  protection  against  such  damage  would 
be  very  expensive,  and  neither  No.  5,  -which  owns  the  exposed  portion 
of  the  East  Side  Main,  nor  the  C.  D.  Co*,  which  owns,  all  the  West 
Side  Mainj  has  done  so.  Otherwise,  they,  as  well  as  the  Central  Main, 
are  quite  satisfactory. 

Main  canals  were  constructed  from  Sharp's  to  serve  the  territory 

between  the  New  and  Alaino  Rivers  (the  Central  Ma^iii) ;,  a  second,  the 

West  Side  Main,  crossed  New  River  to  serve  territory  west  of  that 

waterway,  and  a  third,  the  East  Side  Main,  to  serve  the  territory 
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east  of  the  Alamo.  In  II  months,  or  ia  June,  1901,  deliverj'  of  water 
waa  b^n^  through  the  Boundary  Canal  aa  far  west  aa  Oalexieo,  and 
the  Central  Uain  was  put  into  service  in  Uarch,  1902,  or  in  19  months. 

Imperial  Water  Companies  Nob.  1,  4,  5,  6,  .7,  and  8  were'  formed, 
and  triparty  contracts  were  entered  into  with  each.  The  C  D.  Co. 
constructed  the  distributing  systems  for  these  districts,  with  the  ex- 
ception of  that  of  Imperial  Water  Co,  No.  7.*  The  total  length  erf 
canals  in  all  these  distributing  systems  was  approximately  700  miles 
on  Januai?  1st,  1905,  and  there  were  also  about  SO  miles  of  canal 
beloqging  to  the  C.  I>.  Co.  and  the  Mexican  Co.,  making  the  total 
about  780  miles.  During  1905  and  1906  relatively  little  canal  building 
was  done,  because  the  river  got  beyond  control;  and,  from  1907  to 
1911,  iaelusive,  the  iaorease  has  been  less  than  20%,  on  account  of 
excessive  litigation  following  the  vast  expenditures  for  controlling 
-the  river,  and  because  the  canals  existing  on  January  1st,  1905,  covered 
85%  of  the  territory  now  under  dltebea. 

With  the  exception  of  a  permanent  diversion  gate  at  the  river, 
two  permanent  structures  replacing  temporary  ones  in  the  valley,  the 
building  of  the  Alamo  Waste-gate  (Fig.  27),  juat  above  Sharp's 
Heading.  (Julne  25th  to  August  17th,  1905),  and  another  in  the 
Central  Main  at  Station  134  (November  13th,  1904,  to  January 
13th,  1905),  that  portion  of  the  canal  system,  completed  on  January 
let,  1906,  has  not  been. essentially  changed  or  enlarged,  and,  with  few 
exceptions,  the  original  structures  are  still  being  used.  There  is  a 
marked  tendency  on  the  part  of  the  mutual  water  companies  to  replace 
wooden  structures  with  permanent  ones  of  reinforced  concrete,  but 
otherwise  in  general  the  canal  systems  are  as  satisfactory  as  any 
which  could  be  devised. 

The  irrigation  service  afforded  to  farmers  in  Imperial  Valley  is 
the  best  of  which  the  writer  has  ever  heard.  This  has  been  the  case 
with  the  exception  of  three  short  periods :  the  winter  of  1904,  1  month 
(November)  in  1906,  and  a  total  of  3  months  in  1910,  when  there 
were  shortages  of  water.  ,  Indeed,  so  accustomed  are  the  water  users 
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of  this  region  to  obtaining  all  the  water  they  want  whenever  they 
want  it,  that  a  suggestion  of  delivery  in  rotation-n^which  is  done'  in 
almost  all  irrigation  projects — would  doubtless  meet  violent  opposition. 
A  preliminary  summary,  issued  on  December  16th,  1911,  by  the 
U.  S.  Census  Bureau,  fetates  that^  in  1909,  2  664104*  acres  of  land 
were  irrigated  in :  California,  of  which  220  000  acres,  or  one-twelfth, 
were  in  Imperial  Valley.  The  percentage  irrigated  of  the  whole  num- 
ber of  farms  was  44.6,  or  39  362  acres.  The  area  included  in  projects 
completed  and  under  construction  was  6  490360  acres,  or  slighdy 
more  than  double  the  present  irrigated  area.  Probably  there  will  soon 
be  450  000  acres  under  the  Imperial  Valley  canals,  or  just  about  the 
same  proportion  of  one-twelfth.  Of  the  acreage  irrigated  in  1909, 
there  were  400  acres  (0.01%)  under  the  canals  of  the  U.  S.  Reclama- 
tion Service;  3  490  acres  (0.1%)  under  the  U.  S:  Indian  Service 
canals;  173  793  ^  acres  (6.5%)  under  canals  of  irrigation  districts; 
779  020  acres  (29.2%)  co-operative  enterprises;  746266  acres  (28%) 
commercial  enterprises;  and  961136  acres  (36.1%)  individual' or  part- 
nership enterprises.  Of  the  irrigated  acreage  in  1909,  71%  was 
watered  by  works  controlled  by  the  water  users.  Of  the  remaining 
29%,  almost  one-third  is  under  the  canals  of  the  C.  D.  Co.  Aside 
from  the  very  large  area  covered  by  the  canals  of  this  project,  its  rela- 
tive importance  is  vastly  increased  by  the  vitar  necessity  for  continu- 
ous service  every  day  in  the  year,  which  has  no  counterpart  of  which 
the  writer  knows,  and  the  minimum  daily  demand  in  winter  is  one- 
fotirth  of  the  maximum. 

Obstacles  Encountered  by  the  C.  D.  Co. 

The  settlement  of  Imperial  Valleyf  took  place  more  rapidly  than 
any  of  the  men  interested  in  the  project  had.  even  hoped,  and  con- 
stituted the  most  marvelous  Achievement  of  irrigation  in  the  West, 
Tip  to  that  date  at  leastj  and  probably  to  the  present  time.  .  On  January 
Ist,  1901,  with  the  exception  of  a  party  of  surveyors,,  not, a  single  white 


•  Undoubtedly,  the  jrreater  part  of  this  total  is  irrigated  only  after  a  fashion,  so  that 
the  relative  importance  of  the  irrigated  area  in  ImperiaiVaHey  is  much  greater  than  the 
figures  indicate. 

+  The  Imperial  Land  Company  decided  to  use  the  naine  "Imperial  Valley,"  for  the 
region  to  be  covered  by  the  irrigation  canals,  instead  of  "Colorado  Desert"  or  "Salton 
Basin,''  partly  to  distinguish  between  the  reclaimed  and  unrwlaimed  areas,  but  dhiefly  for 
the  efTect  of  the  name  op  readers  of  the  colonization  literature  put  out  by  the  company. 
Thd  name,  "  Impeilal  Valley,"  is  firmly  established  as  referring  to  the  cultivated  portion 
of  the  Colorado  Delta  west  of  the  riVer,  whether  ijorth  or  south  of  the  Tnterhational 
Boundary  Line 


coRr  ON 

IRBIQAriON   AND   ftJVER    CONTROL, 
COLORADO  RIVER  DELTA. 


■    >'•■■        •• 


/ 


v> 


L^.'3. 


1..  _   ... 


i 


\-: 


I 


'  .-J. 


;- 


\ 


.J 


.        A 


~-  ~    t 


A 


1 


■    I 


N^ 


sever 

^'tl 
rat( 

:ati' 
ton 
■.mi 
I 
:ft 

7P 


'^ 


o 


IRRIGATION  AND  RIVER  CONTROL,  COLORADO  RIVER  1^69 

man  lived  in  the  whole  region;  by  January  Ist,  1903,  2  000  people  had 
come  in;  by  January  1st,  1904,  probably  7  000  people  had  made  their 
homes  in  the  new  district,  and  by  January  1st,  1905,  the  population 
was  between  12  000  and  14  000.  As  early  as  1904  there  was  a  branch 
railroad  through  the  district  from  the  Southern  Pacific  main  line  at 
Old  Beach,  since  called  Imperial  Junction,  and,  at  the  beginning  of 
1905,  there  were  seven  towns,  with  stores,  banks,  etc.,  780  miles  of 
canals,  about  120  000  acres  of  land  under  actual  cultivation,  and  200  000 
acres  covered  by  water  stock. 

This  unprecedented  and  unexpectedly  rapid  developmexlt  over- 
taxed the  resources  of  the  C.  D.  Co.,  and,  in  addition,  there  were 
several  untoward  factors  which  accentuated  the  difficulty.  These  were 
serious  complications  in  the  United  States  Government  Land  Survey 
of  the  region,  an  extremely  unfavorable  soil  report  by  the  TTnited 
States  Agricultural  Department,  agitation  for  the  United  States  Recla- 
mation Service  to  supplant  the  irrigation  system  of  the  valley,  a  ques- 
tion as  to  the  right  to  divert  water  from  the  Colorado  River,  and 
troubles  at  the  intake  by  silt  depositions. 

United  States  Land  Surveys  in  the  Imperial  Valley. — That  portion 
of  the  Imperial  Valley  north  of  the  4th  standard  parallel  was  sup- 
posed to  have  been  surveyed  in  1854-56.  The  maps  and  notes  for  it 
were  accepted,  but  there  is  at  leagt  some  question  whether  the  survey 
was  ever  actually  made  in  the  field.  Later,  in  1880,  after  the  Interna- 
tional Boundary  Commission  had  surveyed  the  Boundary  Line  between 
the  United  States  and  Mexico  and  marked  it  continuously  with  perma- 
nent monuments,  the  area  south  of  the  4th  standard  parallel  was  sur- 
veyed, this  being  locally  known  as  the  "Brunt"  survey.  The  coloniza- 
tion company,  in  April,  1900^  put  out  surveying  parties  under  the 
direction  of  Mr.  Perry,  now  County  Surveyor  of  Imperial  County, 
to  re-run  the  Government  lines  and  establish  comers  so  that  settlers 
might  have  proper  descriptions  for  the  tracts  of  land  they  wished  to 
file  on,  and  also  that  the  distribution  systems  of  the  various  mutual 
companies  might  be  located  along  the  Govemnien,t  subdivision  lines, 
as  the  topography  of  the  land  is  such  that  this  ideal  canal  location  is 
generally  feasible.  Mr.  Perry  found  nearly  all  the  corners  of  the 
Brunt  survey,  and  used  the  notes  showing  certain  connections  made 
with  the  survey  of  1856  along  the  4th  standard  parallel.    In  this  way 
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the  lines  ta  the  north  were  retraoed^  but,  some  time  later,  when  tiie 
survey  had  extended  farther  and  the  work  of  retracing  the  lin^s  east 
of  the  Alamo  River  was  commenced,  it  was  discovered,  by:  «iwJountjBr^ 
ing  natural  features  given  by  the  notes  of  the  1856  survey,  2  miles  or 
more  out  of  correspondence,  that  there  Were  seripus  errqrs.  Exhaustive 
search  was  then  made  for  the  1854-56  survey:  stakes,  but-  in  an  area  of 
thirty,  townships  only  fiye  corners  were  discovered  which  seemed  to 
be  authentic.  These  were  widely  scattered,  and  showed  great  errors. 
Between  the  3d  and  4th  parallels  the  actual  distance  was  found  to 
be  25i  miles,  or  an  error  of  1^  miles,  in  a  24-mile  north  and  south  line. 
East  and  west  the  error  was  approximately  2  miles  in  30. 

Throughout  the  territory,  Sectionsi  16  aud  3.6,  the  school  sections, 
had  been  ^iven  to  the  State  pf  California  by  the  United  States  Gov- 
ernment for  the  benefit  of  the  State  school  fund,  the  remainder  of  the 
land  belonged  to  the  United  States,  and  this  dual  ownership  increased 
the  difficulty  of  making  any  adjustment.  In  June,  1902,  the  president 
of  the  colonization  company  and  the  chief  engineer  of  the  C.  D.  Co. 
went  to  Washington,  explained  the  situation,  and,  on  the  advice  of 
the  General .  Land  Office,  an  Act  was  prepared  and  passed  in  July, 
1902,  authorizing  a  resurvey  of  twenty  townships  of  the  land  in  Im- 
perial Valley.  The  outside  lines  of  these  townships  were  re-nin  in 
1903  and  are  known  locally  as  the  "Henderson"  survey.  It  was  more 
than  6  yef^rs,  however,  before  the  interior  lines  in  these  townships 
were  re-run  and  the  work  was  completed  and  approved. 

In  the  mean  time,  it  was  impossible  for  the.  Land  Office  to  issue 
patents  to  the  settlers,  and  thus  men  practically  owning  from  160  acres 
to  two  and  three  times  that  area  of  extraordinarily  fertile  land,  withi 
a  selling  value  of  from  $60  to  $100  per  acre,  could  offeir  no  security  for 
a  loan  with  which  to  make  permanent  improvements.  The  United 
States  land  laws  are  extremely  strict  and  severe  with  reference  to  a 
settler  borrowing  money  with  which  to  make  final  proof.  Under  such 
circumstances,  the  interest  rate  was  naturally  from  10  to  12%  per 
annum,  while  the  interest  on  deferred  payments  for  the  water  stock 
was  oiily  6%,  so  that  the  0.  D.  Co.  suffered  severely.  However,  it 
was  not  until  1909,  more  than  3  years  after  th^  control  of  the  com- 
pany was  taken  over  by  the  Southern  Pacific  interests,  that  any  suits 
were  entered  to  foreclose  on  the  collateral  notes  and  mortgages  secured 
by  the  water  stock. 
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SoU  Surveys  of  th^  Imperial  Valley. --In  the  fall  bf  IftOl  the! 
Bureau:  of ;  Soils, .  United  .States  Depaartanent  of-  Agrioultiire>  made-  a- 
soil  surviBy  of  Imperial  VaJH^.  ,  On  January  10th,  1902,  a  pueliminary 
report,  "Circular  No.  9,"  was  issued  covering  the  169  sq:  miles  of  terri- 
tory whudi  had  been  examined.'^  The  report  doubtl^s  presented  the 
only  possible  eoncluaions,  aeeording  to  the  informsation  at  that  time 
extant  r^qrding  alkaline  soils  of  siach  depth  as  are  found  in  the 
Imperial  Valley.  It  was:  very  unfavorable,  however,  and  ealcuflated 
to  deter  setnsible  people  from  .settling  in  the  region.  For  example, 
one  statement  was  as  follows: 

^*One  hundred  and  twenty-five  thousand  acres  of  l^d  have 
already  beeil  taken  up  by  prospective  sefttlers,  many  of  whom  talk  of 
planting  crops  which  it  will  be  absolutely  impossible  to  grow.;  They 
must. early  find  that  it  is  useless  tdatitempt  their  growth.  *  *  * 
No  doubt  the  bjsst  thing  to  do  is  to  raise  crpps  such  as  the  sugar  beet, 
sorghum,  and  date  palm  (if  the  climate  will  permit),  that  are 
suited  to  such  alkaline  conditions,  and  abandon  as  worthless  the  land 
which  contains  too  inuch  alkali  to  grow  those  crops." 

The  warning  was  reiterated  in  a  subsequent  report.f  It  s^ems 
certain  that,  had.  the  territory  not  been  already  settled  in  very  large 
measure  when  tbeise  reports  were  sent  out,  Imperial  Valley  woujd  yet, 
be  unreclaimed. 

Agitation  in  Favor  of  a  Beclamation  Service  Project, — ^^^hen  the 
United  States  Exclamation  Service  Act  was,  passed,  in  June,  1902, 
the  crops  produced  in  the  Imperial  Valley,  were  causing  a  reti^rn 
of  confidence  in  the  region,  and  the  extraprdinfirily  r^pid  developipent 
was  being  resumed.  The  irrigation  possibilities  on  the  Colorado  Kiver 
had  already  been  examined  by  the  United  States  Geological  Survey, 
and  in  1903  plans  foj*  the  Yuma  Project  were  outlined.  The  engineers 
of  the  Service  were  convinced  that  no  diversion  from  the  Colorado  for 
irrigation  could  be  permanently  successful  where  provisions  were  not 
made  for  preventing  the  heavy  silt  from  entering  the  canals — that 
it  would  take  an  impractically  large  amount  of  dredging  to  keep 
canals  leading  directly  from  the  river  open  for  reasonably  satisfactory 
delivery  of  water.  The  cost  of  the  Laguna  Weir,  borne  by  the  land 
owners  of  Imperial  Valjey  alone,  constitutes  a  serious  burden^  but,  if 

*  'VField  Operations  of  th^  BtnreEiu  of  Soils,  UJ  S;  Deparfapeht  of  A^dculiburet  1901,  p.£87/^ 

t**Soil  Survey  of  the  Imperial  Area,  California  (Extending  the  Survey  of  1901), 
Advance  Sheet  of  Field  Operations  of  the  Boreau  of  Soitg,  1908:^* 
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borne  by  all  the  irrigable  land  in  both  valleys,  the  cost  per  acre 
would  he  reduced  to  approximately  one-fourth.  Mr«  William  E.  Smyths; 
of  San  DiegOy  who  has  been  very  prominent  in  the  work  of  the  National 
Irrigation  Congresi^,  and  has  written  extensively  on  .irrigation  gen- 
erally, urged  the  people  of  Imperial  Valley  to  join  v^ith  the  Yuma 
Project;  that  the  enterprise  would  then  be  backed  by  the  Oovernment 
with  unlimited  funds;  that  they  would  be  required  to  pay.  to  the 
Government  only  a  small  portion  of  the  money  they  were  obliged 
in  one  way  and  another  to  pay  the  0.  D.  Co.^  and  that  they  would 
eventually  attain  the  laudable  desire  of  owning  and  operating  their 
own  system.  The  Imperial  Water  Users'  Association  was  accordingly 
formed,  with  Mr.  W.  F.  Holt,  of  Kedlands,  Cal.,  as  its  President, 
and  negotiations  were  at  once  instituted  with  the  G.  D.  Go.  to  ad- 
quire  its  canal  system.  Mr.  A.  H.  Heber,  President  of  the  G.:  D.  Go., 
who  acted  for  it  in  the  matter,  knew  that  the  estimates  of  the  Reclama- 
tion Service  for  the  canal  line  into  Imperial  Valley,  lying  entirely  on 
American  soil,  were  at  least  $10  0.00000,  on  account  of  the  sand  hills. 
He  believed  that  the  Alamo  River  for  40  miles  was  a  very  satisfactory 
main  canal,  and  that  by  owning  the  100  000-acre  tract  of  the  Mexican 
Co.,  building  another  waterway  through  Mexican  territory  would  i^e- 
quire  the  consent  of  the  Mexican  Co. ;  consequently,  his  idea  regarding 
the  values  of  the  property  were  excessively  high. 

As  a  natural  feature  of  these  negotiations,  and  with  a  view  to  tem- 
pering such  ideas  as  to  price,  the  right  of  the  G.  D.  Co.  to  take  water 
from  the  Colorado  was  challenged.  The  navigability  of  that  stream 
suddenly  assumed  serious  commercial,  national,  and  international  im- 
portance. As  usual  in  such  cases,  these  questionings  were  carried  to 
unfortunate  extremes. 

In  the  course  of  events,  at  a  mass  meeting  held  in  Imperial  on 
July  30th,  1904,  Mr.  Heber  offered  to  have  the  price  fixed  by  arbitra- 
tion, one  man  to  be  appointed  by  him,  one  by  the  Imperial  Water 
Users'  Association,  and  a  third  to  be  selected  by  these  two.  This  was 
not  done,  but  the  Engineers  of  the  Reclamation  Service  made  an  ap- 
praiaal  of  the  C.  D.  Co.'s  plant.  The  Imperial  Water  Users'  Associa- 
tion appointed  a  committee  headed  by  its  president,  Mr.  Holt,  to  repre- 
sent it  in  all  negotiations,  and  it  agreed  with  Mr.  Heber  on  a  price  of 
$3  000  000.  Mr.  G.  D.  Walcott,  Director  of  the  U.  S.  Geological'  Survey, 
and  of  the  Reclamation  Service,  made  a  report  to  the  Secretary  of  the 
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Interior  in  the  matter  on  September  15th  and  again  on  October  Ist, 
3L904,  thAt 

"from  present  knowledge  of  the  conditiotis,  a  recommeudeitioii  to  pay 
three  million  dollars  for  the  p;roperty  and  rights  involved  is  not 
justified." 

On  being  ddvified  of-  this  report,  a;Q  endeaVor  was  ostensibly  made  by 
the  Committee  and  Mr.  Heber  to  secure  different  action.  It  appears, 
however,  that,  without  intimating  to  Mr.  Heber  that  it  had  changed 
front,  the  Committee  agreed  with  the  Keclamation  Service  authorities 
against  buying  the  property  . on  the  agreed  basis.     With  such,  un- 

pardonably  bad  faith  on  the  part  of  the  Committee,  it  is  not  surprising 

*  •  ,_ 

that  th'^  matter  ended  with  relations  between  Mr.  Heber  and  the  Recla- 
mation Service  so  strained  that  further  negotiations  were  impossible. 
In  a  further  report  made  by  Director  Walcott  on  January  4th,  1906, 
to  the  Secretary  of  the  Interior,  it  was  advised  that,  even  if  there  were 
no. complications  because  of  the  unfavorable  soil  report  by  the  Depart- 
ment of  Agriculture  and 

"the  present  desperate  situation  of  many  of  the  inhabitants  of  the 
Imperial  Valley,  it  was  a  matter  of  grave  doubt  whether  it  was  wise  to 
become  involved  in  the  situation.. 

..  "Much  of  the  land  filed  on  is  unsuitable  for  cultivation  owing  to  the 
large  amount  of  alkali  and  other  adverse  conditions  of  the  soil.  The 
water  supply  is  deficient,  owing  to  poor  construction  and  accidents  to 
the  canal  system,  and  aMiough  during  the  fall  months  there  has  been 
ample  water,  it  appears  .that  the  people  ^ill  not  iitilize  it,  and  from 
best  information  are  not  planting  crops  to  any  considerable  extent* 
Difficulties  of  handling  the  silt  are  very  great,  and  if  the  Government 
is  to  take  up  the  project,  it  must  miake  enormous  expenditures  at  once 
to  prevent  the  country  lapsing  into  a  desert  condition." 

Shortly  after  this,  it  Was  aimoilnced  by  the  Secretary  of  the  Interior 
that  the  Assistant  Attorney  Greneral  had  concluded  that  no  law  existed 
whereby  it  could  deal  with  the  pToblem  of  carrying*  water  through 
Mexico. 

The  effect  of  the  entire  incident  was  to  render  the  people  of  the 
valley  antagonistic  to  the  company,  and  at  the  i^ame  time  split  them 
into  several  factions.  More  important,  however,  was  the  effect  of  the 
severe  criticisms  of  the  plant  and  water  rights  of  the  0.  D.  Co.,  which 
had  been  . given .  wide  publicity.  Tbe  company's;  cre<Jitr  wWpb  had 
slowly  but  steadily  improved  since  1902,  wasiagain  destroyed  in  South- 
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em  OaHfotnia  and  in  the  larger  financial  markets  of  the  United 
States.  Consequently,  early  in  1905,  when  these  negotiations  ended, 
the  company  was  almost  on  the  rocks.  . 

Water  Rights  Attached* — Because  of*  the  attacks  on  the  itight  to 
take  water  from  the  Colorado,  then  well  under  way,  a  bill  was  intro- 
duced into  the  House  of  Representatives  in  January,  1904,  at  the  re- 
quest of  the  C.  D.  Co.,  declaring : 

"That  the  water  of  the  Colorado  River  for  the.  irrigation  of  the 
arid  land  that  may  be  irrigated  therefrom  is  hereby  declared  to  be  of 
greater  public  use  and  benefit  than  for  navigation,  and  the  diversion 
of  the  water  from  said  river,  heretofore  made  and  thiat  which  may  in 
future  be  m^de,  for  irrigation  purposes^  in  •  accordance  with,  the  laws 
of  the  respective  States  and  Territories  in  which  such  diversion  has 
been  or  may  be  made,  is  hereby  legalized  and  made  lawful. 

"Section  2.  That  any  person,  firm,  or  corporation  be,  and  is  hereby, 
authorized  to  divert,  take,  and  appropriate  water  itotn  the  Colorado 
River  for  the  purpose'  of  irrigation,  in  such  quantity,  subject  to  and 
under  the  State  appropriation  of  the  State  of  California,  as  now  in 
force  under  the  laws  of  said  State."  (H.  R.  13  627,  58th  Congress,  2d 
Session.) 

The  U.  S.  Reclanaation  Service  had  filed  on  some  of  the  flood-waters 
of  the  Colorado  in  order  to  fill  four  large  reservoirs  between  The 
Needles  and  Tuma,  then  undei:  contemplation,  and  such  filings  werp 
practically  second  only  to  those  of  the  C»  D.  Co.,  so  that  the  effect 
of  this  proposed  legislation,  other  tha-n  On  the  C.  D.  Co.,  was  null. 
The  bill  was  bitterly  opposed  by  Mr.  Smythe,  ^s  represen,ting  the  major- 
ity of  the  settlors  in  Imperial  Valley,  No  attempt  was  made  tp 
amend  the  bill  with  a  view  of  protecting  all  interests  in  a  fair  and 
equitable  manner,  but  instead,  undqr  date  of  April  8th,  1904,  the  Act- 
ing Attorney  General,  Mr.  Hoyt, .  in  an  opinion  addressed  to  the  Com- 
mittee on  Irrigation  on  Arid  Lands,  to  which  the  bill  had  been  referred, 
said : 

"In  view  of  these  provisions  .{from  the.  Treaty  of  Guadalupe- 
Hidalgo,  February  2d,  1848 ;  of  the  Gadsden  Purchase,  December  30th, 
1853;  and  the  Boundary  Treaty  of  November  12th,  1884,  between 
Mexico  and  the  United  States]  and  of  the  important  irrigation  projects 
liow  and  hereafter  to  be  carried  on  by  the  United  States  Government, 
1  seriously  doubt  the  wisdom  of  a  surrender  by  Congress  at  this  time 
of  all  control  over  the  waters  of  the  Colorado  River."' 
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Accordingly,  the  Committeie  reported*  requesting  the  Secretary  of 
the  Interior  to  investigate  and  report  to  Congress  on  the  various  ques- 
tions involved  in  the  use  of  the  waters  of  the  J-tmer  Colorado  River, 
with  a-  view  to  determining  their  availability  for  irrigation,  and  recom- 
mend any  legislation  which  might  be  necessary.  Under  this  resolution, 
Director  Walcott  reported  through  the  Secretary  of  the  Interior,  on 
December  24th,  1904,  ihat  governmental  control  of  the  waters  of  the 
Colorado  Riveir  was  absolutely  necessary  to  obtain  the  best  results; 
that,  the  river  being  navigable,  water  appropriations  under  the  Arizona 
and  California  laws  were  not  valid ;  suggesting  that  l^islation  be  along 
the  line  guarding  present  navigation  interests;  confining  diversions 
heretofore  made  to  the  extent  of  actual  beneficial  use  of  the  waters 
diverted  upon  land'  capable  of  producing  retounerative  crops,  and 
making  the  same  appurtenant  to  specific  tracts  of  land;  and  making 
the  approval  of  the  Secretary  of  the  Interior  necessat^  with  respect 
to  future  appropriations. 

Mexican  Concession  Secured, — ^Flailing  to  secure  an  adjustment  of 
water  rights  at  the  hands  of  Congress,  Mr.  Heber  went  at  once  to 
Mexico  and  quickly  obtained  a  concession  from  President  Diaz,  which 
was  ratified  by  the  Mexican  Congress  on  June  7th,  1904. 

This  concession  authorized  the  Mexican  Co.  to  carry,  through  its 
canal  system  in  Mexico,  284  cu.  m.  per  sec.  (approximately  10  000 
sec-ft.),  to  be  diverted  from  the  Colorado  River  in  United  States  ter- 
ritory by  the  C.  D.  Co.  &hd  turned  over  to  the  Mexican  Co.  at  the 
boundary  line-;  to  construct  an  intake  on  Mexican  territory,  and  con- 
necting with  the  said  canal  system,  and  divert  through  such  intake 
284  cu.  m.  per  sec,  to  be  used  in  the  irrigation  of  l^nds  in  Mexico  and 
in  the  United  States,  but  with  the .  pjovisp,  "without  injuring  .  the 
rights  of  any  third  party  nor  the  navigation  as  long  as.  the  river  is 
destined  for  navigation";  that,  of  the  water  carried,  in  the  canal, 
enough,  should  be  used  to  irrigate  Jhe  lands  in  Mexico  susceptible  of 
irrigation  by  gravity  to  an  amount  not  exceeding  one-half  the  total 
volume;  that  the  Mexican  Co.  should  begin  surveys  within  6  months, 
and  within  12  .months  file,,  with  the  Secretary  of  Development,  niaps 
in  duplicate  of  the  proposed  extensions  and  betterments,  together  with 
a  descriptive  ,report,  and  entirely  complete  the  same  within  7  years; 

*  House  Joint  Resolution  Nos.  147, 188.    State.  591. 


1276  IRRIGATION  AND  RIVER  CONTROL,  COLORADO  RIVER 

that  the  company  should  pay  into  the  Inspection  Fund,  as  is  custom- 
ary in  all  concessions  granted  by  the  Mexican  Government,  a  sum, 
in  this  base  $300  (Mexican  money),  per  month,  and  should  be  subject 
to  inspection  by  an  engineer  appointed  by  the  Secretary  of  Develop- 
ment ;  granting  the  company  the  right  of  eminent  domain  over  private 
property  and  defining  the  process  by  which  condemnation  could  be 
carried  out-^inci dentally  with  minimum  possible  difficulty — and  per- 
mitting importation  once  for  all,  free  of  customs  or  duty,  all  equip- 
ment and  apparatus  necessary  for  the  construction  of  the  proposed 
extensions  and  betterments,  together  with  freedom  from  all  taxes, 
except  stamp  tax,  for  a  period  of  10  years;  stipulating  that  under  no 
circumstances  should  the  company  sell  or  mortgage  the  concession  to 
any  government  or  foreign  state,  nor  admit  it  in  partnership;  that  the 
company  should  be  subject  to  the  laws  and  rulings  now  in  force,  and 
which  in  future  may  be  enacted,  for  the  supervision  and  use  of  waters; 
particularly  specifying  that  the  company  and  its  assigns  shall  always 
be  considered  as  Mexican  corporations,  though  all  or  any  of  its  stock- 
holders should  be ,  foreigners ;  that  the  corporation  should  be  subject 
to  the  jurisdiction  of  the  Courts  of  the  Republic  in  all  affairs  emanat- 
ing within  Mexican  territory,  and  that  such  stockholders  should  never 
be  able  to  allege  the  rights  of  foreigners  under  any  circumstances^  but 
have  the  rights. and  the  methods  of  establishing  the  same  as  the  laws 
of  the  Bepublic  grant  to  Mexican  citizens,  ao  that,  in  any  matters, 
diplomatic  or  foreign  agents  should  not  have  any  interference. 

Condition  op  Plant  in  the  Summer  op  1904. 

From  the  first,  there  was  a  great  deal  of  trouble  with  the  Chaffey 
Head-gate,  chiefly  because  its  floor  was  not  down  to  the  bottom  grade 
line  of  the  canal,  as  originally  planned.  As  has  been  explained,  this 
gate  was  a  temporary  structure,  but  well  and  substantially  Built.  Just 
aa  it  was  bein^  covered  up  by  the  operations  of  the  dredge,  Alpha, 
cutting  the  main  canal  into  the  permanent  concrete  head-gate  from 
belbw,  in  1906,  the  writer  exairiined  it  carefully  and  found  it  in  an 
excellent  state  of  preservation.  The  floor  was  so  high,  howevei',  that 
it  was  necrasary,  during  the  low-wiater  seasons  of  1902^03  and  1903-04, 
to  cut  a  by-pass  around  the  gate,  and  close  it  oh  the  approach  of  the 
summer  floods.  When  the  Mexican  concession  was  obtained,  the  first 
Mexican  intake  was  cut  from  the  river  to  %he  ?naiii  canal,  as  shown 
in  Fig.  13. 
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In  the  winter  of  1902:^3  there  ha4  been.sbortagea  of  water  in  the 
valley^  due.  tQ  th^  faot  that  the  pawn  canal  had  not  been  completed 
to  its  final  depth;  and,  with  the  ai)paratus.  and  available  funds  on 
hand,  it  was  impossible  to  keep  the, water  supply  up  to  the  demands 
when  the  river  fell  exceedingly  low.  In  the  winter  and  early  sprmg- 
of  1904,  another  water  shortage  caused  considerable  damage-  ■  in  the 
valley,  and  claims  amounting  to  $500  000  were  presented '  to  the  ciom- 
pany*  Every  one  of  these  was  settled  out  of  Court,  however,  in  1906 
and  the  early  part  of  1906,  with  a  payment  of  less  than  $35000,  taken- 
entirely  in  water  and  water  stock,  and  the  writer  believes  thstt- every 
claim  was  faitly  settled>  at  lieast  as  f  ar  as  the  settlers  were  concerned. 

Bielow  the  intake  the  fiirst  4  mile's  of  the  Main  Canal  caused  much 
worry,  due  to  the  extent  to  which  it  silted  up  during  floods,  bilt.  With 
this  exception,  the  plant  of  the  C.  D.  Co.  was  in  quite  satisfactory 
condition.  The  canals  were  generally  well  located  and  in  fair  condi-' 
tion,  and  the  strlictures,  though  of  redwood  atid  riot  cbncrete,  were  siib-: 
stantially  built  according  to  good  design,  and  were  in  excellent  condi- 
tion. The  canals  in  the  distribution  systems  of  the  mutual  water 
companies  were  silting  up  constantly,  on  account  of  the  inuddy  water. 
In  part,  this  was  unavoidable,  but  was  largely  due  to  uneconomical 
methods  of  water  deliveries  when  dealing  with  inuddy  water,  particu- 
larly in  serving  any 'settler  on  his  demand,  regardless  of  the  very  low 
velocity,  if  no  one  else  wanted  water  from  the  laterial  during  the  same 
time.  The  silt  problem  in  the  distributioii  systems  of  these  companies, 
however,  is  as  simple  as  it  will  ever  be  for  any  lands  irrigated  along 
the  Lower  Colorado,  The  financial  status  of  the  various  mutual  com- 
panies was  quite  good,  and  they  had  generally  established  a  small  but 
satisfactory  credit  with  the  local  banks. 

To  avoid  excessive  silt  depositions  in  the  first  4  miles  of  the  canal; 
in  February  and  March,  1904,  the  Best  Waste-gate,  so-called,  was  put 
in  8  miles  below  the  intake^  where  water  could  be  wasted  from  the 
Alamo  channel  through, the  Quail  River  into  the  Paredones  River  and 
thence  into  Volcano  Lake.  This  was  a  wooden  A  -frame,  flash-board 
gate,  60  ft.  long,  but  it  was  carried  away  in  June,  1906,  by  the  side- 
cutting  of  the  banks  while  the  Alanio  channel  was  being  enlarged  by 

.  ■  1  .  *     ,  ,        *  1  I 

that  year's  summer  flood!     The  idea  was  to  divert  a  large  quantity 

V  .  r.i  I  .•,',..  ,  .  .  t 

of  water  during  the  flood  season  of  1904,  waste  it  through  the  Best 
Gate,  and  in  this  way  scour  but  the  upper  portion  of  the  canal,  >  At 
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first  the  action  was  as  expected,  and  some  2  ft.  in  the  bottom  were 
carried  away.  When  the  river  reached  its  maximum  height  during 
the  summer  flood  of  1904,  however,  and  carried  an  excessive  silt  con- 
tent,  particularly  of  the  heavi^  and  sandy  type^  this  scouring  action' 
was  entirely  overcome,  and  the  bottom  of  this  stretch  was  raised 
approximately  1  ft.  higher  than  during  the  previous  year. 

The  Silt  Problem, — This  action  accentuated,  and  properly  impressed 
on  the  engineers  of  the  C.  D.  Co.,  the  seriousness  of  the  silt  problem 
in  diverting  the  Colorado  River  water.  Generally  speaking,  during 
flood  stages,  the  water  carries  all  the  silt  it  can  transport,  and .  the 
faster  the  current  the  larger  the  particles  it  picks  up  and  carries  along. 
It  is  certainly  dessirable,  and  probably  essential,  to  provide  settling 
basins  at  or  immediately  below  the  diversion  point,  in  which  water 
can  be  practically  stilled  and  thus  insure  the  deposition  of  the  heavier 
silt  having  very  slight  fertilizing  value,  and  the  admission  of  only  such 
partly  clarified  water  into  the  canals.  Unless  some  provision. is  made,  as 
at  the  Laguna  Weir,  the  diversion  canal  immediately  below  the  head- 
gate  must  act  as  a  settling  basin,  which  is  just  what  happened  from, 
the  very  beginniAg  in  the  canals  of  the  C.  D.  Co. 
•  The  results  of  such  excessive  silting  were  obviated  in  various  ways, 
largely  by  the  construction  of  new  intakes,  until  the  diversion  of  the 
entire  river  occurred,  and  the  permanent  head-gate  was  put  in  service 
in  1907.  The  clam-shell  dredge.  Delta,  was  utilized  intermittently  to 
remove  the  deposits  until  1910;  then  a  submerged  weir  was  built 
across  the  river,  to  raise  the  water  at  the  intake;  and  lastly  large  suction 
dredges  were  operated  just  below  and  just  above  the  regulating  gates. 

Bather  carefully  kept  records  indicated  that  the  bed  of  the  canal 
at  the  Lower  Heading  was  raised  a  little  mor^.  than  5  ft.  between 
March  1st,  1907,  and  March  1st,  1910,  most  of  this  taking  place  in 
the  first  6  months.  The  bed  of  the  Alamo  near  Sharp's  Heading 
was  raised  approximately  2  ft.  in  the  same  time,  and  there  is  constant 
deterioration  all  along  between  these  points  on  the  Alamo  channel. 
The  reduction  of  capacity  in  the  larger  canals  has  been  noteworthy, 
but  the  maximum  effect  is  shown  in  the  smaller  laterals  constituting 
the  distribution  systems  of  the  various  mutual  water  companies. 

Mr.  Robert  G.  Kennedy  states*  that  on  the  Bari  Doab  Canal  from 
the  Punjab  River,  the  canals  in  Sind  from  the  Indus  and  Shwebo, 

*"The  Prevention  of  Silting  in  Irrigation  Canals,''  Minutes  of  Frooeedtny«,  Inst.  C.  E., 
Vol.  CXIX;  1896,  pp.  AJl-a90. 
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and  the  Mandalay  ounals  in  Burmah,  it  appears  that  in  a  nan^siltingr 
and  non-sconring  channel  the  mean  velocity  is  independent  of  the 
width,  but  increases  with  the  depth  of  the  channel, '  according  to  the 

^^^^^<>^-  r,  =  0.84  (?>•"; 

in  which  V^  =  the  mean  velocity  of  a  non-eroding,  non-depositing 
current;  and  d  ==  the  depth  for  fine  sand-siU»  the  constants  varying 
slightly  with  the  kind  of  silt. 

He  also  points  out  the  exceedingly  important  deduction  that  during 
flood  stages  in  the  river,  the  diversion  of  large  quantities  of  water  in  an 
effort  to  scour  away  silt  depositions  in  the  upper  reaches  of  canals 
will  have  the  opposite  result,  because  of  the  excessive  silt  contents  of 
the  water  diverted. 

.  The  same  rule  probably  applies  fully  in.  the  case  of  canals  carrying 
Colorado  Kiver  water  when  they .  are  free  of  vegetation.  In  point  of 
fact,  however,  rank  growths  of  tules  and  willows  spring  up,  on  the 
banks  and  berms  and  along  the  edges  out  into  the  water,  with  such 
rapidity  as  to  increase  tremendously  the .  deterioration  of  carrying 
capacity,  particularly  in  the  smaller  canals;.  Furthermore,  the  rate  of 
deterloratLon  iti  these  lateralis  increases  with  the.  decrease  in  channel 
efficiency.  The  maintenance  of  the  district,  distribution  systems,  there- 
fore, consists,  in  large  part,  in  keying  down  and  removing  the  brush 
and  tules. 

The  various  distribution  systems  were  Ordinarily  designed  and  built 
on  the  basis  of  a  capacity  of  1  sec-ft.  per  120  acres  of  land  there- 
under, although  in  some  cases  the  ratio  was  decreased  to  1  sec-ft.  per 
93  .acres  (8  in.  vertical  depth  of  water  in  a  month).  It  would  have 
been  just  as  well,  indeed,  considerably  better,  and  of  course  cheaper, 
to  have  made  the  canals  much  smialler,  for  they  were  put  into  service 
when  only  a  small  percentage  of  the  land  was  in  cultivation,  and, 
as  they  carried  only  a  fraction  of  their  capacity,  they  very  soon  silted 
up  badly.  Removing  the  silt  deposition  and  the  accompanying  tule 
growths  is  fully  as  expensive  as  the  excavation  of  the  original  section. 

This  needlessly  large  excavation  was  required  by  the  contract  pro* 
visions  under  which  the  C.  D.  Co.  built  the  distribution  systems  of 
the  various  mutual  water  companies,  and  such  provisions  at  the  time 
were  necessary  to  assure  colonists  that  the  water  supply  would  be 
ample.     In  the  construction  of  the  first  lateral  canals  built,  however, 
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the  leaving  of  inside  berms  was  a  defect  which  should  have  been 
avoided.  These  flat  stretches,  usually  kept  damp  and  seldom  deeply- 
submerged,  afford  ideal  conditions  for  tule  growths,  and  shouM  be 
studiously  avoided  in  this  rqgion. 

Canal  Maintenance, — In  general,  the  best  method  of  clearing  away 
the  brush,  tulies,  and  deposited  silt  in  the  smallest  canals  has  been 
found  to  be  by  Mexican  or  Indian  hand  labor.  The  presence  of  checks 
and  other  canal  structures  at  relatively  close  intervals  makes  th^  use 
6f  machinery  of  questionable  e^dnomj^;  For  the"  large  canals,  "V's", 
dragged  by  horses  or  traction  engines,  portable  floating  dipper-dredges, 
Lidgerwood  cross-drags,  portable  clam-shell  dredges^  and  a  number  of 
devices  designed  by  locstl  inventive  genius^  have  been  tried  with  vary- 
ing success.  The  results  in  all  cases  depend  so  greiatly  on  ih&  eflS-' 
6iency  with  whidi  they  are  handled  and  the  local  eonditionB  under 
which  they  work  that  it  will  not  be  profitable  to  attempt  to  give 
any  cost  figures — ^^indeed,  with  the  exception  of  Imperial  Water  Com- 
pany No.  1,  no  cost-keeping  worthy  of  the  name  has  beien  attiempted. 

Perhaps  the  most  satisfactory  appliance  for  cleaning  canals  too 
small  for  floating  dredges  is  a  clam-shiBll  bucket  arranged  on  wh<3ek 
so  that  it  may  follow  along  the  bank.  (Fig.  17.)  The  C.  D.  Go. 
has  two  of  these  machines;  in anuf Pictured'  by  the  Stockton  Iron 
Works,  Stodkton,  Oal.,  which  .  cost  $5  000  each,  >  f .  o.  b.  f  actoify."^ 
These  consist  of  a  clam-shell  bucket  having  a  capacity  of  15  <iu.  ft.y 
wrth  a  40-ft:  steel  boom  carried  on  an  iall-steel  frame.-  The  maximum 
width  is  14  ft.  The  power  is  supplied  by  a  16-h.p. '  Atlas  gasoline 
engine,  mahufactured  in  San  Franciscoy  and  the  machine  is  self- 
propelling,  with  two  speeds  forward  and  one  reverse. .  No  definite-  fig^ 
ures,  including  deterioration  and  cost  of  moving  from  one  job  to 
another,  are  available,  bnt  it  is  understood- that  the  cbstof  harudling 
material  with  these  machines  is  about  13  cents  per  cu*  yd.  . 

For  handling  silt  in  the  upper  reaches  of  the  Main  Oanal  along  the 
river,  the  large  4-'yd*  dipper  dredge,  Alpha,  u$ed  in  the  cJriginal  con- 
struction,.  was  perhaps  the  mo&t  efficient  of  all  agencies  for  the  first 
few  years,  until  :the:  waate,  banks  along  the.  canal  h^sme  top  high  to 
permit  of  its  further  use;:  it  handlfsd  material  for  t^bout  6  cents  per 
cui  yd.  A  suction  dr«4g^. the  -Be^a,  equipped  with  a  12-in.  Kroh  cientri- 
fugal  pump— manufactured  in  San  FraijipiscoTT-^as.  tried  very  soon 
aft«^  the  canals  were  :put  into  services,  but  too  .much  .^i^c^lty  was 


Flo.   IT.— Stockton  Clau-Srell  DusDaE  CLEAUwa  Canals  ih  Ihpebiai:  Valuii. 


Flo.   18. — Thuui   Attbupt   to  Close   Bbbak   at   Lowes   Mexican   Intake,    Juke 
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caused  by  roots  clogging  the  pipes  and  machinery.  Mr^  H;  W.  Blaisdell, 
of  Los.'AngeleB^  oneof  the  pvincipal  stobkholders  6i  the  CL  B.  Oo., 
devised  a-rptary  eotterfornse  at  the  end  o£  the  suetion  pipe,  but  it 
was  not  successful  This  dr^edge  was  used  at  the  Lower  Heiading,.  in 
the  coi^struction .  of  the  Bockwood  Gate^  and  in  the  subsequent  diver- 
sion work  until  Jime,.W)7.,  when- it.  ^as  dismantled. 

In  the  central  main  in  the  valley,  and  also  in.th^  Alamo  cl^nnel^. 
just  above  Sharp's  Heading,  a  2-cu.  yd.  dipper  dr^gCvrtlje  Oamma,  hasi 
been  used  almost  cpntinuouajy  sinc^  it  was  put  in  operation  in  1904^ 
removing  material  at  about  5  cents  per  cu.  yd. 

The  clam-shell  dredge,  Delta,  described  in  some  detail  later>  has 
done  excellent  seirvioe  in  silt  removal  and  incidental  levee  building,  as 
well  as  in  channel  straightening, .  since,  its  arrival  on  the  work  in 
November,  1906.  It  is  now  eng;aged  in  building  cut-offs  and  making. 
general  channel  improvements,  rather  than  removing  the  silt  deposits 
direct,  ...... 

In  the  summer  of  1910  an  arrangement  was  entered  into  between. 

.'•.•••.*.■'        ■     ■    •     •  -■■'•' 

the  various,  mutual  water  companies  combined  and  the  Receiver  oiC 
the  C.  D..  Co.  whereby  the  former  were  to  furnish  the  money  and  build' 
a  suction  dredge  and  rent  it  to  the  latter  fpr  10%  annually  on  its  first 
cost.  This  dredge  was  built  just  below  the  concrete  head-gate,  and  its; 
operation  is  confined  to  the  AmericEui  side  of  the  line,  the  contract: 
being  entered  into  with  the  North  American  Dredging  Company,  of 
Los  Angeles,  on  December  10th,  1910,  for  the  construction  Jand  equip- 
ment  of  an  exact  duplicate  of  one  of  the  latter  company's  dredges  in 

*  »  •  4  t  •  .      I  .       .  ^ 

San  Pedro  Harbor,  for  $57  300.  After  being  put  into  service  it  was 
found  necessary  to  remodel  the  upper  deck,  in  order  to  make  the 
quarters  of  the  tirew  suitable  for  the  climatic  conditions,  at  a  cost  of 
$950,  and  a  bonus  of  $2  200  was  paid  for  completion  11  days  ahead 

■  '  *  '  *  .  ■ 

of  the  coii tract  time— 4  months-^makitig  the  total  cost  $60  450,  exclu- 
sive  of  engirieiering,  inspiectibn,  and  legal  e^^eniesj  wbich  brought  the 
grand  total  cost  up  to  approximately '  $^3  600.'  This  dredge,  the 
Imperial,  lias  a  huD  105  ft.  lotig,  '55  ft;  wide,  and  8  ft.  deep,  and' is 
equipped  with  a  15  by  60-in.  Kroh  centrifugal  ptimp  driven  by  a 
vertical  compbtind  eiigirie,  steain  being  sut)^lied  by  a  S^50-h.p.  marine- 
type  boiler.  Thi^-  diiedgfe'  haiidles'  the- slH  diepositig  m  th6  enlarged 
sectioti  of  the  canal  beldW  the  head-gate*  at  the  irate  of  about  200  cil^  yd. 
per  hour  lifted  to  an  average  height  bf  35  ft.,  at  a  cost  of  from  5  to  7 
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cetijts  per  cU>  yd.,,  •exclusive  of  interest,  taxes; .  and  de^reeiation,  using 
crude  oil  fuel  at  $1.40  i^er  bbl.,  equivalent  :to  coal  at  $5.60  p^rl^n; 

The  Imperial  was  equipped,  with  a  cutter  for  stirrings  up  the  mate- 
rial, but  this  was  found  to  be  unnecessary  for  handlings  1^  silt-  (feposits 
jtist  below  the  head*gate,  and  the  cutter  eixgine,  of  vertical  compound 
type,  with  8  by  15  by  lO-in.  cyliiider,  was  installed  on  the  bargee, 
SUde  J,'  Lewis,  mentioned  later,  in  the  canal  above  the  head-gate  to 
run  the  10-ih.  'Erdh  pUmp  formerly  on  the  Beta,  the  resulting  dredge' 
being  known  as  the  El  Centro.  Under  like  conditions,  the  cost  of 
handling  material  with  ihe  El  Centro  is  approximately  the  same  as  ^ith 
the  Imperial.  .      .     ;      .    . 

With  these'  tWb  suction  dredges,  it  is  claimed  that  thie  bed  of  the 
M^in  Canal  has  been  lowered  approximately '  5  ft.  above  and  at  the 
head-gate  and  for  a  distariceofSi  miles  below,  diminishing  gradually 
to  nothing  throughout  the  next  2i  miles.  If  future  experience'  con- 
firms such  results,  it  would  seem  that  the  periodic  dredging  of  silt 
depositions  from  a  settling  basin  near  the  intake,  at  a  cost  of  from 
$30  000  to  $40  000  per  annum',  will  solve  the  silt  problem  in  the  Im- 
perial  Valley  canal  system,  except  for  the  very  fine  silt  which  cannot 
be  gotten  rid  of  except  by  allowing  the  water  to  be  quiescent  for  some 
time.  . 

•  •  .  ,11.  .  ,  ,  '  ,  ■  .  r 

The  following  general  cost  figures  on  maintaining  the  373.25  miles 
of  canals  of  the  distribution  system  of  Imperial  Water  Company  No.  1 
during  1911  are  taken  frpm^the  annual  report  of  the  Superintendent, 
R.  S.  Carberry,  Assoc.  M.  Am,  Soc.  C.  E. 

Cleaning  465  miles  of  canal  cost  $60.64  per  mile.  The  figures  in 
1910  are  562  miles  at  $43.81  per  niile,  and  the  average  coat  for. the 
last  6  months  of  1909  was  $73.16.  Clearing  on  194  miles  of.  canal 
cost  $35.39  pei:  mile,  (^i^tting  brush  on  392.  miles  cost  $2Q.71  per.  mile. 
The  figures  in  1910  were  346  miles  ^t  $43,47  per  mile,  and  $60,65  per 
mile  for  the.  last  |6;  months;  of  1909,  ,         .. 

In  this  report  it  is  stated  that  canal  ^^V^ing^-  is  the  best  method 
for  cleaning  canals,  generally,  speaking,  ^d.th^  compmiyownB  three 
^^V's",  each  qosj^ing  about  $600,  and  three  caterpillfir  tracti^  engines 
to.  operate  Jjb^m,  e^cb  costing.  $4  200.  ,  During  the  yeaij,  36?,8  miles 
of  .c^n^l  ,were  "Y'd^'  at  $5S.81  pQP.mi}e,.  as.  compared  .with.  362.  i?iile* 
in  1910  at  $60^74  per  mile,  the  details  b^ing. as.  follows,:    .        .  : 
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"V^ing''  ....v.. .;.... $16.76 

Eepairs  to  engines   16.29 

EepaiTB  td  ^TV".  ......... .........../ &.00 

Fuel  and  oil  ..».. .LL... ..;...; •..'. 5.96^ 

Meiicati  labor  following  "^V\.... i ....::,  14:80 

:      .  • .  -      ' 

*  I  »  .  .  f     • 

•  • »  '  •  t  •  •       •        . 

Total,  average  cost  per  mile *.........;  -..-$68.81 

During  the  year, .  1 416' miles  of  canal' were  worked  on,  so  that  the 
whole  system  waa  covered  ixi,  various  ways  ijearly .  four  times,  during 
the  year..  A,  small  portion  of  the  system:  waa  not:  woxked  on  ai  all,  ao 
that  this  statement  gives  some  idea  6i  the  difficulty  in  maintaining  the 
system. 

The  cost  of  building  .117  new  ^tructur^p  was  $6  278.76,  and  the 
cost  of  repairing  old  structures  was  $4146.06,  making,  the  total  cost 
of  structure  maintenance  and  renewal  $10  423.80.    The  average  mim- 
ber  of  men  employed  per  day  (800  working  days  per  year)  was  162, 
or  0.43  man  pier  mile  of  canal  per  day,  "in  addition  to  teams  anid  inach- 
inery.    The  bottoin  width  of  the  canals  constituting  this  system  varies 
from  20  tp  6  ft        :. 
.    Qanal  OperAftont-i^-The  mutual .  water  companies.- have  rlever  con- 
sidered d^vering  water  to  stockholders  in  rotation,  but  instead,  with- 
out eitception,  supply  any  water  u6er  on  demand,  even  though  he  may 
be  at, the  very  end  of  a  longf  lateral ^d  the  only  person -aesiring  water 
from  that  lateral  at. the  .time  ,  ThtuSyi .naturally, ',e(zceedingly  small 
qufintities  of  water  are  carried  o<icasioiially  in  evdry  canal  except  the 
very  largest  laterals;  and'  Ae  result^  is'  low  'velocities  and  heavy  silt 
deposition  and  canal  deterioration.     The  feeling  seeins  to  be. general 
that  the  additional  cost  oi  maintaining  the  varipjus.  distribution  sys- 
terns  is  more  thaijL.off^^t  by  the  ^vantages  or  coi^venleno^  of  the  water 
users  in. obtaining  Irrigatiod  vmtest. at  all  times'  oh  24  hours'  notice. 
The  amount  which  the  maintenance  cost  of  canals  could  be  cut  by 
adopting' a  rotation  i^ysfem  bi,  delivery  is  probleinatical,  but  must  le 

•  ■ I  '      ,  '  1  I  I  ^^     .         ... 

between  35  and  66  per  qent.     This  fact  should  bei  hoxne  in  mind  in 
making  comparisons, ivit^  the  cost .dat^  just  givQn.     ...■ 

The  Fourth  or  Lower  Intake.. 

'  This,  is  such  a  very  important  matter,  that  the  reasons  for  digging 
the    lower    Mexican    intake    and    the    method    of    handling    it    when 
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completed   are   given    by    quoting   from    Mr.    Eockwdod,*    the    man 
who  did  it. 

"As  soon  as  the  summer  flood  (1904)  dropped  ind  I  discovered  that 
instead  of  the  bottpna  being  lower,  it  was.  approximately  1  ft.  above  that 
of  the  jear  previous,  we  adopted  the  only  means  at  our  command  to 
attempt  to  deepen  the  channel. 

"Knowing  the  character  of  the  material  to  be  removed,  we  knew  that 
with  ihe  dredging  tools  which  ^e  had  (4-yd.  dipper*  dredge  Alpha  and 
12-in.  suction  dredge  5e^a),  it  would  be  impossible  to  .dredge  out  this 
4  miles  of  canal  in  sufficient  time  for  the  uses  of  the  valley,  providing 
the  wat^r  in  the  river  should  drop  as  low  as  it  had  the  previous  year. 
The  dredges  were  brought  back,  however,  and  put  at  Worki  but  the 
jpesult  prpved,  as  I  had  anticipated*  that  it  would  •  take  practically  all 
winter  to  dredge  the  canals ;  that  is,  it  would  take  all  winter  to  provide 
new  machinery,  even  if  we  had  the  money;  and  in  hopes,  then,  that  it 
might  possibly  prove  effective,  I  employed  tlie  steamer  Cochan,  and, 
placing  a  heavy  drag  bfehind  it,  ran  it  up  knd  down  the  canal  in  hopes 
that  by  stirring  up  the  bottom  there  would  be  sufficient  velocity  in  the 
canal  itself  to  move  the  silt  deposits  on  below  tiie  4-mile. atretbh  -to  a 
point  where  I  knew  the  water  hfwj  suffiqient;  velocity  to  keep, the  «ilt 
moving.  A  month's  work,  however,  with  the  steamer^  proved  that  the 
work  being  done  by  it  was  inadequate. 

"The  Great  Prohlem. — We  were  confronted  then  with'  the  proposi- 
tion .of  doing  one  of  two  things,  eiiher . cutting  a  new  heading  from  the 
canal  to  the  river  below  the  silted  4-mile  action  of  the  oanal^  or  else 
allowing  the  valley  to  pass  through  another  winter  with  an .  ii^aufficient 
water  supply.  The  latter  proposition  we  could  not  face  for  the  reason 
that  the  people  of  the  Imperial  Valley  had  an  absolute  right  to  demand 
'that  wkter  Eiho'bld  t)e' furnished  them,  ai^d  it  was  questionable  in  our 
minds  as  to  whether- we  would  be  ablerto  keep  out  of  bankruptcy  if  we 
,  were  .to  ,be  confyont^d  by  another  p^rioc},  qf^  shortage  in  thisi:  coiping 
season  of  1904-1905.  ..  '  '    \ 

"The  cutting  of  the  lower  intake,  after  mature  deliberation,  and 
upon  the  insistence  of  several  of  the  leading  men  of .  the  valley,  was 
'  decided  upon.  We  hesitated  about  toakiing  this  cut,  hot  so  much  be- 
.  43ause  we  believed  we  were  incurring  danger  of  tiie' river's  breaking 
throi^gli  as.frpm  the  fact  th^t  yre  had  been  .unable  to  obtain  the  consent 
of  the  Government  of  Mexico  to  make  it,  and  we  believed  that  we  were 
jeopardizing'  our  Mexican  rights  shpuld  the  cut  be  made  without  the 
consent  of  the  Govfemnlent.  On  a**  telegraphic  communication,  however, 
from  our  attorney  in- the  City  bf  Mexico,  to  go  ahead  ahd  make  the  cut, 
we  did  so  under  the  presumption  that  he  had  ojbtained  the  necessary 

,  .     ■  '  '  <    •  *  •         » 

*  ''  Bom  of  the  Desert^Imgetrial  Valley  In  Its  Making  Not  A  Dream— A  Brief  History 

By  C.  R.  Rockwood.    Second  Annuiil  Magazine 


*  ''  Bom  of  the  Desert^Impetrial  Valley  In  Its  Mi 
of  the  California  Devetoimient'  Cboipatty.^*  By  C.  R.  ] 
Edition,  CoUexico  Chronicle,  Cale^ico,  Cal.,  May,  1909. 
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permit  "from  the  Mexican  authorities.  It  was  some  time  after  this,  in 
fact  after  the  cut  was  made  to  the  river,  before  we  discovered  that  he 
had  been  imable  to  obtain  the  formal  permit,  but  had  simply  obtained 
the  promise  of  certain  officials  that  we  would  not  be  interfered  with, 
providing  that  plans  were  at  once  submitted  for  the  necessary  con- 
trolling structuies  to  be  placed  in  this  heading. 

"Beasons  Why. — ^This  lower  intake  was  constructed,  not,  as  is  gen- 
erally supposed,  because  there  was  a  greater  grade  from  the  river 
through  to  the  Main  Canal  at  this  point.  The  grade  through  the  cut 
•and  the  grade  of  the  Main  Canal  above  the  cut  were  approximately  the 
same,  but  the  cut  was  made  at  this  point  for  the  reason  that  the  Main 
Canal  below  the  point- where  the  lower  intake  joined  it,  was  approxi- 
mately 4  ft  deeper  than  the  Main  €anal  through  the  4  miles  above  this 
junction  to  the  Chaffey  gate,  consequently  giving  us  greater  water 
capacity;  In  cutting  from  the"  Main  Canal  to  the  river  at  this  point,  we 
had  to  dredge  a  distance  of  3  300  ft.  only,  through  easy  material  to 
remove,  while  an  attempt  to  dredge  out  the  Main  Canal  above  would 
hkve  meant  the  dredging  of  4  miles  of  very  difficult  material  We 
began  the  cut  the  latter  end  of  September  and  completed  it  in  about  3 
weeks. 

"As  soon  as  the  cut  was  decided  upon,  eliaborate  plans  for  a  controlling 
gate  were  immediately  started  and,  when  completed  early  in  November, 
were  immediately  forwarded  to  the  City  of  Mexico  for  the  approval  of 
the  engineers  of  the  Mexican  Government,' without  whose  approval  we 
had  no  authority  or  right  to  construct  the  gate.  Notwithstanding  the 
insistence,  of  our  attorney  in  the  City,  of  Mexico  and  various,  tele- 
graphiq  communications  insisting  upoi^  this  approval  being  hurried,  we 
were  unable  to  obtain  it  until  12  months  afterward,  namely,  the  month 
of  December,  1906.  ' 

"Unpr^cedeiited  River  Gonditions,-^ln  the  meantime -serioYis  tronble 
had  begun,  We  have  since  been  accused, of  gro^s  negligepce  and  crimi- 
nal carelessness  in  majsing  this  cut,,  but;  I  doubt  as  to  whether  any  one 
should  be  accused  of  negligence  or  carelessness  in  failing  to  foresee  that 
which  had  never  happened  before.  We  had  before  us,  at  the  time,  the 
history  of  the  river  as  shown  by  this  daily  rod  rieadings  kept  at  Yuma 
for  a  period  of  twenty-seven  years.  In  the  twenty-seven  years  there 
had  been  but  three  winteJr  floods.  In  no  year  of  the  twenty-seven  had 
there  been  two  winter  floods.  It  was  not  probable,  then,  in  the  winter 
of  1905,  that  there  would  be  any  winter  flood  to  enlarge  the  cut  made 
by  us,  and  without  doubt,  as  it  seemed  to  us,  we  would  be  able  to  close 
the  cut  before  the  approach  of  the  summer  flood  by  the  same  means 
that  we  had  used  in  closing  the  cut  for  three  successive  years  around 
the  Chaffey  gate  at  the  head  of  the  caliail, 

"During  this  year  of  1905,  however,  we  had  more  than  one  winter 
flood.    The  first  heavy  flood  came,  I  believe,  about  the  first  of  February, 
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bT;t  did  n.ot  enlarge  the  lower  intake.  On  the  contrary,  it  caused  such 
a  silt  deposit  in  the  lower  intake  that  I  found  it  necessary,  after  the 
flood  had  passed,  to  put  the  dredge  through  in  order  to  deepen  the 
chsinnel  sufSeiently  to  allow  enough  water  to  come  into  the  valley  for 
the  use  of  the  people. 

"This  was  followed  shortly  by  another  heavy  flood  that  did  not  erode 
the  banks  of  the  intake,  but^  on  the  contrary,  the  same  as  the  first, 
caused  a  deposit  of  silt  and  a  necessary  dredging.  We  were  not  alarmed 
by  these  floods,  as  it  was  still  very  early  in  the  season.  No  damage  had 
been  done  by  them,  and  we  still  believed  that  there  would  be  no  diffi- 
culty whatever  in  closing  the  intake  before  the  approach  of  the  summer 
flood,  which  was  the  only  one  we  feared.  However,  the  first  two  floods 
were  followed  by  a  third,  coming  some  time  in  March,  and  this  was 
sufficient  notice  to  us  that  we  were  up  against  a  very  unusual ,  season, 
something  unknown  in  the  history  of  theriv^r  as  far  back  as.  we  were 
able  to  reach ;  and,  as  it  was  now  approaching  the  season  of  the  year 
when  we  might  reasonably  expect  the  river  surface  to  remain  at  an 
elevation  that  would  allow  sufficient  water  for  the  uses  of  the  valley 
to  be  gotten  through  the  upper  intake,  we  decided  to  close  the  lower. 

"Five  Floods  in  One  Season. — Work  was  immediately  begun  upon, a 
dam  similar  to  the  ones  heretofore  successfully  used  in  closing  the  cut 
around  the  Chaffey  ^ate.  The  dam  was  very  nearly  completed,  when 
a  fourth  flood  coming  down  the  river  swept  it  out.  Work  was  imme- 
diately begun  on  another  dam  which  was  swept  away  by  the  fifth  flood 
coming  down  during  this  winter  season.'^ 

*  These  closings  of  the  "by-passes  or  cut^  aroiind  the  Ghaffey  Gate 
were  effected  by  throwing  a  barrier  of  brush  across  th6  cut  and  drag- 
ging  earth  over  it  with  Fresno  scrapers,  pushing  it  injto  the  water  on 
the  up-stream  sides,  thus  gradually  rendering  the  barrier .  impermeable 
and  then  building  It  up  as  an  earthen  dam.  In  attempting  to  make 
the  closure  here  mentioned,  in  March,  a  small  pile-driver  -was  rigged 
up  on  the. end  of  the  Alpha,,  and  one  line  of  8  by  8-in.  pine  timbers, 
3  ft  apart,  was  driven  across  the  opening  about  3  000  ft.  west  of  the 
river  bank,  and  an  8  by  8-inl  waling  was  bolted  to  each  pile  above 
the  water  surface.  Brush  fascitles  were  then  made  up,  and  all  the 
sand  bags  available — about  10  000 — ^were  'filled  in  readiness.  Simul- 
taneously  from  each  side,  brush  fascines  with  the  brush  ends  up 
str^an^,  T^ere  piled  above  the  piling  and  weighted  down  with  sand  bags, 
making .  alternate  layers  of  fascines  dnd  bagg,  .until  the  water  was 
confined  to  a  30-f t.  channel  in  the  cen:ter.  ■  This  barrier  was  about 
20  ft.  thick  up  arid  down  stream.  The  opening  was  then  spanned  with 
long  Cottonwood  timbers   and   a   similar  brush-sand-bag  construction 
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was  built,  upon  them.  The  supporting  timbers  were  then  shattered 
with  dynamite,  letting  the  mass  drop  into  the  opening.  At  the  same 
time  a  large  quantity  of  brush  was  thrown  in  above  and  allowed  to 
float  into  the  opening  to  help  close  it.  In  this  way  the  barrier  across 
the  opening  was  built  above  water  and  teams  passed  over  it  dragging 
in  dirt  from- both  sides,  the  flow  being  reduced  so  greatly  that  the 
dredge  below  it  i;iearly  went  aground.  With  a  few  thousand  more 
sacks  of  earth  to.  place  along  the  upper  toe  of  the  barrier,  the  work 
would  have  been  successful.  As  it  was,  the  structure  was  undermined, 
settled  down,  and  eventually,  failed  entirely. 

In  this  attempt  10  000  sacks  were  used,  8  days'  time  with  the 
dredge  at  $100  per  day,  and  225  men-days  time  of  Indian  labor,  at 
$1.50  per  day.     This  makes  the  total  cost  of  closing  aboujt  $1800. 

Instruction^  were  then  given  to  move  the  dredge  up  close  to  the 
river  bank,  where  the  soil  was  thought  to  be  better,  and  make  another 
attempt.  The  current  through  the  break,  however,  was  too  s^it,  and 
instructions  were  given  to  go  up  the  old  Main  Canal  to. the  upper 

Mexican  intake  to  stop.it,  which  was  done,  using  the  method  which  had 

, ,  '  III.  1  •         ,  '  •  I  .    ■ 

failed  below. 

A  similar  method  was  used  to  throw  the  water  through  the  Alamo 
Waste-gate  on  its  completion  in  June,  1905,  3  months  later,  30  000 
sacks  of  earth  being  flUed  in  readiness  and  every  one  used.  This 
barrier  dam  was  thrown  across  the  channel  carrying  2  500  sec-ft.  of 
water  and  with  a  totalor  final  head  of  10  ft.  This  has  always  seemed 
to  the  writer  to  have  fceen  a  most  remarkable  achievement,  the  only 
equipment  at  hand  being  a  skid  pile-driver  and  Fresno  scraper  teams. 

To  resume  Mr.  Rockwood'3  narrative: 

.'  ,       -  f  •  •  •         I 

"About  this  time,  I  left  for.  the  East  and  at  the ,  earnest  solicita- 
tion  of  the  Inaperial  Water  Company  No.  1,.  which  agreed  to  advance 
$5  000  for  the  effort,  a  third*  attempt  to  close  the  break  was  made 
under  the  direction  of  Mr.  0.  N.  Perry  and  the  superintendent  of 
Imperial  Water  Company  Ko.  1,  Mr.  Thomas  Beach.  On  my  return 
from  the  East>  on  the  17th  of  June,  I  fotind  them  heroically  attempt- 
ing to  stop  the  break,  with  the  waters,  so.  high  in  the  Colorado  that  all 
of  the  banks  and  surrounding  lands  were  flooded,  and  I  inqnediately 
stopped  the  work  as  we  realized  fully  that  nothing  could  be  done  until 
after  the  summer  flood  had  passed. 

''The  Golorado  on  a  Rampage. — At  this  time,  the  lower  intake  had 
been  enlarged  from ,  a  width  of  abotit  60  ft.;  as  originally  cut  with  the 

•  Really;  the  second  'serious   attempt,    Fig.    14. 
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dredgei*,  to  a  width  of  possibly  160  ft.,  and  it  did  riot  then  seem 
probable  that  the  Colorado  River  would  turn,  its  entire  flow  through 
the  cut,  but  as.  the  waters  of  the  river  began  to  fall,  the  banks  of  the- 
intake  began  to  cave  and  run  into  the  canal,  the  banks  of  the  canal 
below  the  intake  fell  in  and,  as  known  by  most  of  the  residents  of 
the  valley,  the  entire  river  began  running  through  the  canal  and  into 
the  Salton  Sea  in  the  month  of  August  of  this  yfear  of  1905:" 

Plate  XLVII  shows  the  discharge  at  Yuma  to  have ,  been  an  un- 
precedented sequence  of  floods  from  the  Gila  water-shed.  Indeed,  the 
precipitation  throughout  all  that  region  traversed  by  the  Southern 
Pacific  line  from  Yuma  to  very  near  El  Paso  during  this  period  was 
quite  without  precedent.  Track  ballasted  with  local  material,  which 
had  always  proved  satisfactory,  was  during  this  year  the  despair  of 
the  entire  Maintenance  of  Way  Department,  and  for  months  trains 
were  allowed  to  go  over  it  only  at  half  speed  and  with  lurchings  of 
the  coaches  and  Pullman  sleepers  like  ships  at  seia. 

Mr.  Rockwood^s  statement  gives  a  very  fair  presentation  of  the 
matter  as  he  viewed  it.  The  writer  is  perhaps  as  well  aware  as .  any 
one  that  the  river  was  diverted  through  this  cut  into  the  Salton  Sea, 
and  when  he  first  inspected  the  situation  in  August,  1905,  he  felt,  like 
practically  all  other  engineers  who  gave  the  matter  cursory  considera-, 
tion,  that  making  this  cut  was  a  blunder  so  serious  as  tp  be  "practically 
criminal."  After  4  years  of  more  or  less  bitter  experience  with  the 
region,  he  is  perfectly  convinced  that,  matters  having  gotten  into  such 
condition,  making  the  cut  was  absolutely  imperative  and  by  all  means 
should  have  been  done.  The  difficulty  had  not  been  any  tendency 
whatever  to  divert  the  entire  river,  but — very  much  to  the  contrary — 
to  induce  enough  water  to  go  that  way.  Up  to  that  time,  a  head-gate 
to  prevent  too  great  a  quantity  of  watei^  f rom  entering  the  canals  was 
of  far  less  importance  than  some  means  of  maintaining  their  carrying 
capacity.  That  a  head-gate  should  have  been  provided,  is,  of  course, 
self-evident.  It  would  have  been  utter  folly,  however,  to  hive  put  a 
flash-board  gate  of  any  type  directly  in  the  diverting  channel,  biecause 
of  the  drift  which  would  have  accumulated  against  it.  Nothing  Jess 
than  a  structure  containing  immense  openings  could  have  been  used 
without  insuring  that  the  cut  would  be  choked  up.  This  type,  of  con- 
struction was  practically  unused  in  western  irrigation  works  at  the 
time,  and  would  have  cost  a  great  deal  of  money,  therefore,  eonsider- 
ing  the  financial  condition  of  the  CD.  Co.,  it  is, plain  that  the  only 
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practical  thing  would  harveb^B  a  gaHnot  ill  the  cut  iiseM,  btit  in 
a  by^-passy  and-^'buiit  inth  '*h«  idea  of  closing  the  bj?-pfl8B  on  the  ap- 
proach of  the-' suimner  fbocband  using  this  gate  lis  much  as  possible. 
It  was  not  alone  the  straitened  fina:Dcial  condition  of  the  C.  I>.  Co. 
and  the  situation  genertdly  in  which  it  found  itself  which  resulted 
in  there!  being  no  permanent  diversion  works  put  in;  two  other  im- 
portant faotoirs  entered.  The  first  was  the  practical  chailge  oi  manage* 
ment,  from  k  eonstructioH  pbint  of  vie^"  especiHlly,  to  the  Ohaffeys 
in  the  summer  of  1900;  back  to  Mr.  Rockwood  in  February,  1902, 
and  internal  diffldultied  ih  the  0.  D.  Co.  late  in  1904.  The  second— 
indireotdy  coiinected  with  the  fitdt^-rwas  the;  hesitancy  of  the  manage- 
ment to  provide/permanentheftd^works  before  ihe  techniciil  mien  in;  tbe 
corporiation  h&d  agreed  as  to  what  Hke  situation  demanded.  This  leied 
mistake'  was  not  in  ^^puttitig  all.  the  .eggs  in  one  basket,'-  but; in. 
not  ';'then  watching  that.  b«5ket"^  ObviQusJly,  no  one  couW- be  respon- 
sible for  ^ojlng..si;ich..ttr  thing  without  realizing  the  need  fo^r  •  watching,*. 
it  most  carefully  and  being  viully  prepared  to  take  most  Aggressive 
actioB  8hpuld,.o0ic$as;ioa  arisen 

<  I  •  I 

••    ■        "     .      ■      ■    ■:     .•..'■■...    ....  .   .      ••:■    ••.....• •;;,"••       ;••.•■. 

..  '>.,..  ■,,-  .  ,6outh]e;b^:.Pacj[jHC  IfpAN.. 

Eiarly'  in  Janiiary,  1905,  it  occurred  to  the  managemlsnt  of  the 
C.  D.  06.  that  the  i>hen6menal  development  bi  traflSc  furnished  to 
the  iSouthern  Pacific  Railroad  by  the  Iniperial  Valley  warranted 
the  hope  of  financial  assistance  from  that' corporation.  Mr.  Julius 
Kruttschnitt,'  Director  of  Maintenance  and  Operation  of  the  Harri- 
mail  Xiiifes,  declined  to  consider  the  proposition,  but  Mr.  Harri- 
man,  on  beiiig  approached,  wais  at  once  interested  and  ordered  ^ 
an  investigatidii  and  report.  As  a  fihaL  result,  the  Southern  Pacific 
Oompany  agreed.to  loan.$200000  on  condition  t)iat  ,&300  shai^  of  the 

capital  stock  be. placed  in  the  hands  of  a  trustee  to  be  named  by  the 

.  ,  ' '     ,        .•■,."■■       •  '         '         ■  ,  ■      '     ,  ■  '•  * 

Southern  Pacific  Oompany  until  the  loan  should  be,  repaid,  and  taking 

■  '•■•,      •     .    I        ■  ■    >     i  ' .  •  ■       .     ' '   •  ■        ■       .  , 

over  the  management  of  the  property  until  that  time.  Accepting  a  loan 
under  such  conditions  was  seriously  objected  to  by  a  large  part  of 
the  company's  stockholders,  but  at  the  annual  meeting  in  Jersey  City, 
in  May,  a  board  was  elected  pledged  to  the  arrangement.  On  June 
20th,  1905,  the  Southern  Pacific  Oompany  took  over  the  management 
of  the  property,  with  Mr.  Epes  Randolph,  President  .of  the  Asso- 
ciated Harriman   Lines   in   Arizona   and  Mexico,   as  President,   and 
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Mr.  W.  J.  Doiftn,  of  Los  Angles, .  as  the  trustee  mentioned  in:  the 
contract.  Both,  these  gentlemen:  are  still:  acting  in-  these  rMpectivg 
capatriti^s.  Whwi  tho  loan  was  arranged,  and  even  when  it  waa 
finally  consiunmated,  the  railroad  officials  in  San  FFahcisco  and  theJjast: 
did  not  consider  tho  conditiona  along. the  rivM  Worthy  of  serious  concetui 
;Me.  Koclmood'  <a*a3  retained,  temporarily  as  .Assistant^  Genial 
Manager  and  Chief  Engineer,!  as :  memb»a  ^of  the  8 outjiem  Pacific 
manageinent  were  entirely  unfamiliar  with  the  affairaof  the  CD.  Co. 

■  ■  Third  Attempt  to. Close  mi}  Bb|:a^.    ;  .         . 

Ab  bood  fts  the  summer  flood  of  1905  began  to  recede,  work  was 
staMed.  Immediately  t^poeite  the  lower 'intake  was  aa  island^  liiter- 
diibfced  Diaaster  Island,  about  §  mileJoMg  and  J  mile  wide,  cotMiBting 
really  of  a.  sand  bar  on  which  quite  a  'growth  of  oottontoood  and'  arrow 
waedihad  flcWmulated.  A  line  of  piling,  13. ft.  from  center  to  center, 
wsa  driven  "from  11*9  upper  end  of  this  islaod  to  theMesicanflboi^,:  as 
shown  in-  Fig.  15,  and  between  this  pilit^  was  wo^en  barbed'  wire  and 
brush.  The  theory  behind  this  work  was  that,  hf  spreading  over  a  ^eat 
width  the  water  passing  down  the  west  channel  and  into  the  lower  intake, 
a  Band  bar  would  be  created,  thns  chokihg  off  the  flow  and  gradually 
forcii^,  all.the  water  into  th.e  east  chanoeh  Op  Jijly  ,16th  about  ope- 
thixd  of  the.  river,  flow,  was  going  do^vn;  the  old ,  channel  and.  ttvortlurdfl 
ttfward  the.  Sal  ton  Sea,  and,  the  result  of  this  endeavor  was  still  prob- 
lematical.. -By  August  lat  a  bax,  approximately  2  800  ft.  long,  had  been 
formed,  but  there  waa  an  .opening,  approximately  125  ft.  :Iong^  throu^ 
which  the  rush,  of  water  was  too, great  to  be  controlled  with  the  means  . 
at  hand,  and  the  woric  was  abandoned.  ,Up,.to  this  date,  ahojit  $30  000 
had  been  expended  on, the  foregoing  endeavors  to , close  the, break. . 

VARioua  SuooESTioNS  FOR  Handlino  the  Situation,    ■ 
At  this  time  it  was  evident  to  all  that  the  low-water, flow  of , the  Colo- 
rado would  be  entirely  diverted  into  the  old  Alamp  overflow  channel  and 
the  Salton  Sea.  ,The  elevation  of  the  water  surface  at  the  head 
r  Island,  with  a  flow  in  the  river  of  10  000  sec-ft.,  was  approxi- 
0  ft.,  while  the  bottom  of  the  Salton  Sea  is  approximately 
,  making  the  total  fall  in  that  direction  3S7  ft.    The  distance 
95  miles  by  the  watercourses,  so  that  the  average  fall  was  4.01 
ft.  per  mile.    Toward  the  Gulf  the  fall  was  100  ft.,  and_the  distance  to 
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tide-water  wad  approximately  80  miles,  br  a  fall  of  1.25  ^t  per  mile. 
The  eontiiraallsr  diminishing  quantity  of  ^Ity  water^  groingr  down  the 
old  channel  as  the  sunmier  flood  receded  was  omstantly  raising  the 
bed  along  that  direction,  the  action  being  rapid  enough  Us  he  notice' 
able  almost  daily.  In  all  probability  there  were  about  6  months  ahead 
during  which  the  flow  of  the  water  ^oiild  be  low,  and  before  liiis  period 
should  elapse  the  river  must  be  re-diverted  or  the  consequences  would 
be  most  serious. 

The  plant  and  the  salt  deposits  of  the  New  Liverpool  Salt  Com- 
pany in  the  bed  of  the  SaltOn  Sea  weref  already  entirely  submerged, 
the  water  covering  about  100  000  acres,  with  a  maximum  d^th  of  about 
16  ft.  Ex'cept  for  the  increase  of  depth  and  the  consequent  increase 
in  the  length  of  time  this  property  would  be  shut  down,  no  additional 
damage  was  really  being  done  at  this  point.  Indeed,  14  years  earlier, 
this  property  was  covered  to  a  depth  of  6  ft  by  the  great  flood  tfi 
February,  1891^  and  the  summer  flood  following,  and  in  aU  probability 
a  similar  and  greater  inundation  Would  have  resulted  from  the  ex- 
cessive floods  duriiig  the  spring  and  summer  of  1905  had  the  C^  D.  Oo. 
never  constructed  any  works  alotig'  the  river.  The  rising  waters  of  the 
Salton  Sea  were  ttireatening  the  tracks  of  the  Southern  Pacific  Rail- 
road along  the  east  side  of  the  sink,  and  the  officials  of  the  Los  Angeles 
Diviigion  were  clamoring  for  aggreissive  action.  The  higher  x)fficials 
of  the  company,  however,' were  not  yet  Vehry^  much  perturbed.  On  the 
other  hand,  the  Alamo  channel  was  being  enlarged  and  deepened,  to 
the  very  great  benefit  of  the  C.  D.  Co.,  and  the  irrigation  system  of 
Imperial  Valley,  because  the  insufficient  carrying  capacity  of  tiiis  chan- 
nel arid  the  heavy  silt  deposits  theiiein  constituted  a  sorious  menace  to 
the  entire  proj^t. 

To  close  the  lower  intake  Entirely  meant  obtaining  all  the  water 
required  for  the  irrigation  of  Imperial  Valley  through  the  4  miles  of 
badly  silted  Main  Canal  lying  between  it  and  the  upper  intakes,  and 
this  was  oiTtof  the  quisstion;  Even  ^ith  lalrge  sums  of 'money,  which 
might  be  obtainable  -from  &e  Southern  Pacific  interests,  machinery 
could  not  have  be^n  bought,  aasemUed,  and  put  into  operation  in  time 
to  have  permitteS  the  delivery  of  more  "than  enough  water  to  Supply 
the  inhabitants  and  live  stock  of  the  valley  with  drinking,  water  if  the 
river  flow  should  be  Tednced  to  6000  or  7  000  sec-ft.  Imperial  Valley 
at  tiiat  time  consisted  of  at  least  125  000  acres  under  cultivation,  five 
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towns .  with  .an  ag^egate  populaticfn  of  2  500  people^  and  a  mn^l  popu- 
lation/of.  a3W>roximately  three  times  that  number*  Tberd  weare,  perhaps, 
lOOQOO-head  of  hogs,  SOOOD.head  of  cattle,  and  Qther  live  ato^  in 
proportion^-  ^  *   , 

Many  plana  were  suggested,  from  this  time,.  August. l$t,.190!5,.  until 
the  break  waa  finally  doded  in  1907,  Many,  of  these,  qf  course^  were 
thoroughly,  absurd,  and  came  £fom  cranfesiiog^d  people  ^vjio-.hftd  ixot  the 
faintest  conception  of  the  conditions.  Indeed,  almost. the  only  people 
who  appeared  to  be.  able  tQ  see  that  the  problem  Was:  not  merely-one  of 
shutting  off  the  lower  intake^  were  the  engineers  of  the.  Q.  D.  Oo*  and 
a  few  of  the  well-informed  men  in  Imperial  Valley.  Representatives 
of  the  New  Liverpool.  Sialt  Company,  the  Sovtb^ern.  Pacific  Company, 
various  departments  of  the  Uiiited  States  and  Mexican  Governments, 
and  the  general  public,  all  joined  in*  demanding  aggressive  aqtion  to 
stop  the  menace  of  a  new  Salton  Sea. 

Such  9ilggestions  were  addressed  to  Mr-  Harriman  and  to  nearly 
every  other  official  of  the  .Southern  Pa<?ific  interests',  and.  :  to  Mr. 
.Randolph  and  other  authorities  of  the  C.  J)^  Co.  UJjtimately,  most  of 
these  found  their  way  to  the  writer;  th^y  constitute  a  most  interesting 
collect iioti^  It  :ia  not  profitable  to  mention  more  tiian  four  of .  these 
suggestions,  which  may  be  designated  the  Laguna  Weir  Plan,  the 
Concrete  Head-^gate  Plan,  the  Eockwoed  Head-gate  Plan,  and  the 
Barrier  Dam  Plan.  Edwin  Duryea,;  Jr.,  M.  Am.  Soc^  C.  E.,  also  offered 
to  close  the  break  according  tb  a  plan,  which>  however,  he  declined  to 
outline,  ....  ,  / 

The  Laguna  Wevr  Pian.— The  Laguna  Weir  Plan  consisted  in  aban- 
•doning  operations  for  the  time  being  at  the  scene  of  th6  breaks  con- 
centrating all  efforts  on  the  completion,  at  the  earliest  possible  date, 
of  the  Laguna  Weir,  which  was  being  built  by  the  U^.S.  Reclamation 
Service;  building  a  canar thence,  passing. Pilot  Knob  and  intersecting 
the  break  from  i  to  |  mile  west  of  the  Colorado  Rive*,  this,  canal  to 
have  a  capacity  equal  to  the  low-water  flow  of  the  river;  then  diverting 
all  the  river  water  through  this  canal ;  finally,  :to  build  a  dam  across 
the  intake  between  the  canal  junction  and  the  river  bank  in. still  water. 
The  Laguna  Weir  was  actually  completed  in  the  early,  spring  of  1909, 
just  before  the  annual  record  flood  of  that  year*  It  is; not: clear  just 
how  its  completion  eould  have  been  essentially  burfied.  Had  this 
plan  been  followed>.the  Colorado,  would  have  emptied'  into  the  Salton 


;iBBIQATION  AND  RIVEB  OONTfiOL,  COLOKADO  BIVER  1295 

Sea  for  .3  years  longer  than  it  actuallly  did,  and  during  this  time 
55.000  00Q  aqre-ft.  of  water  went  by  Xuma,  only  a  very  smalL  portion 
of  which  would  haye  gone  down-  the  old  channel  to  the  Gulf.  This 
would  haye  raised  thjB  wat^r.in  the  Salton»S€a  to  the  180-ft.  contour, 
with  the  effect  of  drowning  out  ia  large, area  of  cxiltivated  land  in  'the 
Co^chella  Yajjey  and  forcitig  the  abandonment  of  60  miles  of  main 
line  tract  by  the  S^ujbhern  Pacific  Railroad;  ^ 

Thefi0  effects,  however,  would,  have  been  of  .relatively .  minor  im- 
portance. The  irrigation  pyatem  of, Imperial  Valley  would  have  been 
strained  far  beyond  the  breaking  point  in  several  places,  while  the 
cutting. back  in  New  River  would  unquestionably  have  reached  the 
Alamo  channel .  an4  lowered  the  water  therein  far  beyond  the  point 
where  any  could  have  been  gotten  into  the  Imperial  Valley  by  gravity. 
This,  of  course,,  would  have  meant  the  depopulation  of  that  region,  an 
appalling  result,  without  parallel  in  history. 

The  Laguna  Weir  Plan  is  thus  seen  to  have  been  impracticable, 
and  no  one.  actually  connected  with  the  wprk  gave  it  serious  considera- 
tion. Neyerthel^s,  Director  Walcott,  of  the  U.  S.  Geological  Survey, 
who.  was  a  close  personal  friend  of  Mr*  Harriman,  stropgly  advised  it, 
and  Mr.  HaxrimaJaahnoat  insisted  upon  it  fpr  quite  a  time. 

Concrete,  Headf-gate  Plan, — The  Concrete  Head-gate  Plan  was  put 
forward  by  the  late  Jame^  D,  Schuyler,  M.  Am.  Soc.  G.  E.,  who  acted 
as  Consulting  Engineer  of  the  C  D.  Co.  from  July,  1905,  to  June,  1906. 
It  consisted  essentially  of  building  a  reinforced  concTet^  and  steel 
head-gate  on  the  Pilot  fenob  site,  where  solid  rock:  foundation  could 
be  secuij'ed,  such  gate  to  be  able  to  carry  the  low- water  flow  of  the  river; 
and  then,  from  this  head-gate  down  to  its  junqtion  with  the  crevasse, 
to  enlarge  the  carnal  to  a  similar  capacity.  This,  it  was  considered, 
would  permit  the  diviersion  of  all  the  water  through  the  head-gate  and 
canal,  leaving  the  river  below,  and  consequently  the  break  itself,  dry. 
The  underlying  idea  was  some^yhat  similar  to  that  of  the  Laguna  Weir 
Plan,  except  that  it  contemplated  only  4  miles  of  canal  enlargement 
and  a  diversion  structure  which  could  be  completed  in  3  py  4  months, 
instead  of  3  years. 

This  plan  involved  the  construction  of  permanent  head-gates  on 
rock  foundation  at,  Pilot  Knob,  so  long  contemplated;  and  the  con- 
struction and  equipment  of  a  dredge  with  which  the  requisite  4  miles 
of  canal  Qould.be  dug  economically  and  quickly.  The  idea  was  adopted 
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in  a  tentative  way  in  Septanber,  1905,  approximately  90  days  after 
the  Southern  Pacific  Company'  undertook  the  management  of  the 
C.  D.  Co.,  and  Mr.. Schuyler  was  instructed  to  proceed  with  theptepiura- 
tion  of  plans  for  the  head-gate^  while  Mr.  F.  S.  Edinger,  under  whose 
direction  the  Edinger  Dam  was  built,  arranged  for  the  dredge.  At 
the  suggestion  of  the  Golden  State  and  Miners  Iron  Works,  of  San 
Francisco,  the  clam-shell  type,  with  160-ft.  boom  arid  6-cu.  yd.  bucket, 
was  selected.  Work  was  begun  on  the  concrete  head-gate  on  December 
15th,  1905,  and  contracts  for  tiie  clam-shell  dredge  were  arranged  a  few 
weeks  later. 

One  of  the  chief  recommendations  of  this  plan  was  that  the  con^ 
structions,  in  large  measure,  would  be  permanent.  It  was  assumed  fhat, 
while  perhaps  the  maximum  quantity  of  water  which  would  have  to 
be  diverted  for  the  irrigation  of  Imperial  Valley  would  never  ex- 
ceed  5  000  sec-f t.,  a  gate  twice  as  large  would  not  have  any  particiular 
disadvantages  in  its  maintenance  or  operation.  It  was  urged,  further, 
that  this  arrangement  of  diverting  structure  and  large  canal  would 
be  available  in  case  of  future  breaks,  should  any  ever  occur. 

The  difficulty  about  the  plan  was  that,  regardless  of  the  size  of  the 
gate,  enlarging  the  4  miles  of  canal  to  carry  10  000  sec-f t.  within 
sufficient  time  to  afforcl  reasonable  relief  was  a  very  serious  pr6blem, 
while  the  capacity  of  this  canal  would  bei  reduced  so  quickly  by  silt 
deposition  that  its  use  in  case  of  future  breaks  would  be  out  of  the 
question.  Furthermore,  to  insure  the  diversion  of  all  the  water  in  the 
river,  required  a  canal  cut  considerably  below  the  water-table  in  the 
ground  thi^3ugh  which  it  would  have  to  pass,  and  large  patches  of 
quicksand  occur  so  frequently  in  this  region  that  it  would  be  folly 
to  hope  to  miss  all  of  them.  Such  patches  wduld  cause  the'  iilflow  of 
material  from  the  sides  and  the  bottom  to  a  serious  extent. 

Mr,  Bockwood's  Plan. — ^Mr.  Rockwood  urged  the  necessity  of  a 
rapid  re-diversion,  not  so  much  because  of  the  effect  on  the  Southern 
Pacific  tracks'  along  the  Saltori  Basin  as  because  he  understood  the  criti- 
cal  condition  at  a  number  of  points  in  the  irrigation  system  of  Imperial 
Valley,  and  that  the  severe  strain  could  not  be  withstood  successfully 
for  very  many  months.  His  suggestion,  m^de  in  August,  1905,  was 
to  put  in,  immediately  beside  the  break,  a  wooden  A-frame,  flash- 
board  head-gate,  capable  df  passing  the  low-water  flow  -of  the  river; 
with  dredges  to  dig  channels  from  the'  break  to  the  gate  both  above 
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and  below;  divert  the  water  thirougt  this  by-pass  and  gate  with  a  piling- 
brash-'saatidbag  barrier 'dam;  ooinpkte  the  d^tti  as-kii  6arth  fill  across 
the  break,  alid  build  levees  both  up  and  down  stream  as  far  as  might 
be  necessary;  then  close  the  gat^  to  such  an  ea^tefnt  as  would  admit 
only  enough  water  to  supply  the  irrigation  needs.  This  plaii  was  ap- 
proved, and  work  was  started  *on  September  20th.  It  was  abandoned 
completely  3  weeks  later;  was  again  approved  on  December  16th,  1905; 
and  was  carried  out  until  the  gate  conistruction  failed,  in  October, 
1906.  It  was  daring  only  in  its  size  and  thfe  foundation  of  so 
important  a  structure  on  alluvial  &oil,  and  it  would  have  resulted  in 
permanent  diversion  works  on  Mexican  soil — ^where,  by  all  .means,  they 
should  have  been,  originally,  and  as  contemplated  in  the  Mexican  con- 
cession, granted  in  1904. 

The  Barrier  Dam  Plan. — The  Barrier  Dam  Plan  consisted  in 
throwing  a  barrier  dam  of  some  sort  across  the  crevasse  and  raising  the 
wiatep  surface  above  it  sufficiently  hi^h  t6  throw  all  the  discharge  of 
the  river  down  the  old  channel  to  the  Gulf.  The'  u^ual  type  of  dam 
suggested,  was  of  piling  and  brush  mattresses  -of  f ascites  weiig-hted 
down  by  sandbags.  This  method  seemed  to  its  proponents  to  afford 
opportunity  for  decreasing  the-  quantity  of  water  diverted  in  the  mini- 
mum time,  and  neglected  that  side  of.  :the:  problem  which  required  the 
furnishing  of  water  for  the  Imperial  Valley.  The  best  plan  for  a 
structuj:e  of  this  type  was  that  put  forward  by  Mr.  Edinger,  arid 
worked  on  under  his  direction  from  early  in  October  until  itja  destruc- 
tion by  the  great  flood  of  November  29th,  1905.      .        , 

Fourth  Attempt  to  Close  the  Crevasse. 

Mr.  Rdckwood  presented  his  plan  to  Mr.  Randolph  and  Mr.  Schuyler, 

•  .  i  '.-.,•     .  •     ,  •  .  .     .  ■  .     .' 

and  they,  as  well  as  several  engineers  of  the  Southern  Piacific  Company, 

approved  of  its  trial.     Plans  were  hurriedly  worked  out  for  a  wooden 

A'-frame,  flash-board  gate,   120  ft.  long,  with  a   concrete   floor,   and 

founded  on  piles.    Rush  orders  for  materials  were  placed,  and  the  first 

shipments  left  Los  Angeles  on  August  7th.     It  was  fully  expected  to 

have  the  structure  completed  by  November  16th. 

The  original  intention  was  to  construct  the  gate  in  a  by-pass  to  be 

excavated  by  the  dredge  Alpha  on  the  south  side  of  the  intake,  but 

examination  showed  an  unfavorable  foundation,  as  the  ground  slid 

into  the  cut  so  rapidly  that  the  dredge  was  almost  caught  and  held  by 

it.    The  plans,  therefore,  were  changed,  and  it  was  decided  to  construct 
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a  by-pass  on  the  other  side  of  the  break;  force  all  the  water  through 
ihis  by-^pass;.aud  the;Q  build  the  structure;  where  the  mtake  had  been, 
thus  saving  both  time  and  money  in  the  excavatioiL .  The  break  at  this 
poipt,  was  about  300  ft.  wide-^-just  about  the  lengrth  of  excavation  re- 
quired for  rapid  and  successful  construction.  The  dredge :  ^as  put  to 
work  on  this  by-pass^  and  no  difficulty  whatever  was  found  in  jhaking 
the  TOO-ft*  cut  required.  The  plan  worked  very  well,  and  a  large  part 
of  the  water  began  to  go  that  way  at  once..  Work  was  begun  on  the 
up-stream  side  of  the  Go£Fer^dam,  the  idea  being  that,  whexi  all  the 
water  was  diverted  through  %h0  by-pass,  another  earthen  dike  would 
be, thrown  in,  about. 250  ft.  belo\7  the  'first,  and  thus  make  the  coffer- 
dam for  the  gate  construction.  In  this  way,  the  second  dam  wotdd  be 
built  in  still  water  and  in  very  short  order  with  the  dredge. 

At  this  time— rabout  September  16 th; — it  became  evident  to  Mr. 
Bock  wood  that  he  could  i^ot  attend  to  the  business  a&i?^  !of  the  com^ 
pany  properly  and  remain  in  personal  charge  of  the  work  along  the 
river.  It  seen^ed  easier  to  fipdsoine.one  capable  of  completing  the  gate 
.in  accordance  with- the  plans  outlined  theu(k  to  £nd  any  cme  qualified  to 
handle, the  cprppration's  affairs.  Mr.  F.  S,  Edinger  was  sdected,  as  he, 
until  June,  1905,  bad  been  for  many  years  Superintendent  of  Bridges  of 
the  Southern '  Pacific  System,  and  had  had  very  large  experience  in 
coffer-dam  work.  About  8  months  previouelly  he  had  left  the  Southern 
Pacific  Company  and  entered  the  contracting  firm  of  ■  Shattuck  and 
Desmond,  of  Los  Angelbs  aiid  San  Francisco.  About  S^tember  20th, 
Mr.  Edinger  and  Mr.  Rockwood  went  over  the  ground  dnd  the  plans 
together,  and  Mr.  Edinger  commenced  the  work. 

The  records  show  that,  about  October  1st,  the  river  usually  rises  2 
or  3  ft.,  principally  due  to  rains  on  the  water-shed  of  the  Gila  River 
and  Bill  Williams  Fork.  This  year  was  no  exception,  and  the  slight  rise 
about  October  1st  shook  Mr.  Edinger's  confidence  in  the  plan.  He 
quickly  outlined  a  barrier  dam  plan  to  Mr.  Randolph,  who  approved 
of  it,  and  work  was  shifted  to  it  at  once.  This  plan  consisted  of  con- 
structing  a  piling  and  brush  dam  across  the  west  channel  between  the 
head  of  Disaster  Island  and  the  Mexican  shore,  a  distance  of  about  600 
ft,  and  it  was  expected  that  the  river  wo\;ild  all  be  turned  down  the 
east  channel  before  a  gate  could  even  be  put  in.  .  All  material  was  at 
once  removed  from  the  gate  site,  and  work  was  rushed  on  the  construe- 
tion  of  what  is  locally  known  as  the  Edinger  Dain. 


i  I .      «       1 
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This  pli^n  ofhaiullingr.tbia  situation,:  in  addxtidn  tosbuttiiksr  Q(ff  all 
water  flowing  into  the  Imperial  YaUey  through  Hie  loiter;  intake^  was 
seriously  dpfeptiye  ii>  th^t  eveuaishp^  flood  sufficiently  great- to  a^nd 
any;Tw?ater  overbapk  in  the:inunediate  vicinity,  of  the  dam— rand  that, 
woi^ld  require. much  leas.wat^  thRi^  usual  on  account  of  the:  sUted-up. 
oonriitipn  of  the  whole  rivei?  be4  below  the  breakr— wwld  in .  a  few 
h^^rs  result  in  cutting  a  cl^annel  around  the  ei^d  qi  the  sjt^nctpjre. 
and  entirely  shunting  it.    Indeed,  such  are-jdiv^pion  was.eK^ctly  what 
took.plaoe  a.  little  more  than,  a  yeajr  later,  ;wb0n  the  waters  broke  u^d^r 
the  levee,  i  mile  south  of  the; Hind  Dam,  in.  December,  1906;    ^ad  tbe. 
Edingei:  Dam,  been  entirely  .su<2(^8sful  and  completed  o^,. November 
15ith^  su^  ^e^yer^ion  would  Jiaye:  beeQ  caused  by  the  .terrific  :9ood  of 
November  28th,  and  so  pn^the.hydrograpb^.^late  XLVII,;  shows  a  wn^r 
ber  oi  fl9pds.suffici^ntity.  great  to  .Jiave  done  this. :  Inde€^  at  this  time,  no^ 
one  seems,  to  hove  reali;zed>  that,  a  large,,  deeg^,.  and  ej£cient  channeiL  ba,d 
been  created  from  the  Lower  Heading  westward  for  i^fiany  .milcSj^  ^n^. 
that  f^tu^re  safety  demand^  not  Q^ly  closing  the;  .intake,  but  an  elab- 
orate., system,  .of  ley^^  rei^^^u^g,  miles  both  pp  ^d  dpwn .  st^reai^.   .         .  ,  ^ 
.,  The  .plan  o|«t)he£dinger  J^iasfi  consiated  in  driving  rows  of  pil^i^g  .and . 
fiUi^ng  :tb€l  intei^tioes  ?rvith  bri:^..p|attresse6  and  fascines.     The.  idea 
behind  it  was  essentially  similar  ttoi that. p(f,  the. -wpnk  abandoned  about 
August  1st.    To  have  been  successful,  the  construction  would  have  had 
to  withstand  a  head  of  from  8  to  10  ft.    However,  6n  November  29th, 
when  a  head  of  35  in:  hati  been  obtainfeS,  a  terrific  flood  cftme' down  from 
the  Gila,  reaching  a  gauge  height  of  31.8  ft.  at  Yuina  and  a  discharge'of 
116  000  6ec-ft     Large  quantities  of  drift  were  carried  by  the  flo6d- 
waters.    This  drift  colleisted  a^iiist  the'Edinger  Dam  in  great  quanti- 
ties;  arki  alttTtge  ^olimie  of  water  went- down  the  east  side  of  this  islttffd  ^ 
and  the  old  channel.    Before  th^  flood  had  reached  its  peak,  the  -dain 
stkrted  to  ^^ive  way,'  and  in-'  asri  incredibly  short- time  was  practically^' 
destroyed.'  When  the  rivfer  had  again  fallen,  the  old  channel  wai  siltfed: 
up'  higher  thati  before,"  the  netv-  chaknel  was-  scoured  'still  de6f)er,  aiid' 
when  the  iflowofthe  riVerhad-d^reased  to  IT  500  sec-it  all  "die  wit^r  • 
was  again  going  tow&rd  the  Saltori  Sea.     • 

The  flood  not -only  wrecked  the  dain,  but  carried  away  practically 
all  the  material  on  the  ground^  and,  aft^r  it  recede,  sidencuiJting^  along 
the  west  aidfe  <)f  Disaster  Island  began  to  take  it  aWay  rapidly.     It-* 
was  soon  obvious  that  it  would  be  folly  to  resume  work  at  that  location/^ 
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and  it  was  decided  that  the  piling-brush-sandbag  biarrier  dam  method 
was  not  t6  be- given  further  consideration.     • 

So  much  water  went  through  the  break  to  the  vall^,"  at  die  failure 
of  this  dam,  that  the  Alpha 'was  sent  to  the'Qtrail  Riv^r  and'pUt  to 
work  cutting  a  channel  southward  in  the  hope  of  diverting  &  large  part 
of  the  flow  into  the  Paredones  and  thence  i?m  Volcano  Lake  into  lihe' 
Gulf.  It  Was  an  endeavor  to  divert  a  large  part  of  the  water  from 
an  old  overflow  channel  on  the  north '  side  of  the  ddlta  cone  into  an  • 
overflow  channel  on  the  south  side  thereof.  It  had  little  resillt,  hoiw- 
ever,  and  the  Qudl  River  cut  s6oii  closed  itself . 

On  October  16th  there  were  20  white  men  and  26  Indians  at  work 
on  the  Edinger  Dam;  on  November  I6t,  42  white  men  anti  60  Indians; 
on  November  10th,  106  white  men  and  65  Indians,  and  on  November 
29th,  260  white  men  aiid  80  Indians.  Two  steamboats  with  barges  at- 
tached, arid  the  relatively  large  barge,  8il(is  J,  Lewis,  with  their  crews, 
were  also  at  \^ork. 

On  the  books  of  the  company,  the  cost  bf  the  Edirigdr  Bam  is  iiot 
thoroughly  segregated  from  the'  experise  incfurred  in  the  head-gate  work 
up  to  the  time  of  its  abandonment  for  the  barrier  dam  plan.  The 
expenditures  on  it;  however,  were  about  $60  000,  and  the  grand  total 

to  December  1st,  1005,  was  about  $100  000>. 

■    •    •  ■'     '  .     .  '   •  . '   .    ,      • 

Fifth  Attempt  to  Close  the  Crevasse. 

It  was  decided,  to  work  simultaneously  on  the.  Concrete  Jlead-gate 
plan  and  the  Rock^^ood  plan,  which  was  done. 

CQficr^te  Heud-gate.-rrrThe  Ipoation.of  ;this  interesting  structure  is 
shown  on  Fig.  22,  where  the  granite  point  of  Pilot  Knob  is  near  the 
right  bank  of  the  river.  The  general  design  was  outlined  by  Mr. 
Schuyler,  and  the  principles  used,  dimensions,  elevations  of  flow;,  etc,, 
wete  Submitted  to  Messrs.  Rockwood  and  Randplph,  and  approved  by  > 
them.  George  S,  Bleckley,  M.  Am^  Soc:.  Q.  £.,  then. worked  out  the;, 
details  and  prepared  the  working  drawings.  .  Contracts  for  the  struc- 
tural steel  and  ironwork. were  let  to  the  Llewejlyn  Iron  Works,  of  Lps 
Angeles,  and  for  the  construction  work  to  Mr.  Carl  Lponardt,  also 
of  Los  Angeles,  on  November  2$th,  1905.  Time  was  made  the  essence 
of  the  contract,  and  Mr.  Leonardt  hurried  the  necessary  equipment  td 
th^  ground  and  began  actual  work  2  weeks  later.  Although  it  was  ex- 
pected to  complete  the  gate  ready  for  use  within  90  days,  the  entire  job 
was  not  finished  until  June  28th,  1906. 
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ATTeMPT  TO  CLOSE  THE  BREAK 
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■  FIFTH  ATTEMPT  TO  CLOSE  THE  BREAK- 
JULyi,TOOCT.11,19(» 
AFT^R  SUMMER  FLOOD 
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Type  and  Site. — The  intake  gate  is  doubtless  the  largest  and  most 
expensive  irrigation  canal  head-gate  in  America.    The  design  is  a  modi- 
fication of  the  Taintor  or  radial-gate  type,  which  has  been  used  for 
many  years  for  irrigation  constructions  in  the  Western  States.    This  style 
of  structure  was  adopted  in  order  to  obtain  openings  of  Tnnvimnm  area 
easily  and  quicWy  opened  or  closed  by  one  man.    It  had  probably  not 
lia,    although    a   large  wooden    radial-gate  had 
B'tiefore  at  the  head   of  the  so-called  Peoria 
:iver,  near  Gila  Bend,  Ariz.    It  waa  about  25  ft. 
which  is  nearing  the  extreme  for  constiliction 
loden  gate,  however,  was  never  used,  as  the  dam 
was  destroyed  by  flood  soon  after  its  completion. 
of  t.adial-gates  and  canal  h^d-wbrks  in  Idaho 
11  ft.'.'^d  the  water  waanot  expected  to  rise 
to  the 'top  of  the  gates,  the  ^ver  level  being  controlled  by  other  means. 
Here,  however,'  the  extreniie  flood  level  is  19  ft,  higher  than  the  low- 
water  level;  so  that  gates  at  high  flood  time  are  subjected  to-grsat  pres- 
sure.     Sufficiently  large  vertical   liftihg  gates   would  have   required 
very  lieavy  and  massive  piers,  and  the  gate  ^ould  hate  been:  very  large 
and  dja^rpportionately  high  as  compared  with  the  width.     These  oon- 
siderationsi  caused  the  adoption  of  culvert  openings  between  the  piers 
for  supporting  a  cellular  structure  of,  reinforced  concrete,  and  thus 
admitting  of  loading  the  conetruction  with  gravel  flUing  in  the  cells 
in  order  "to  .get  the  required  stability  and  weight  at  minimum  cost 
The  gates  were  thus  required, to  close  culvert  openings  of  minimum 
size,  being  in  fact.no  larger  than  with  the  head  at  a  uniform  low-water 
heigbt,  although,  of;  course,  much  heavier  and  stronger  on  account  of 
the  increased  pressure  at  flood  stages.    There  are  eleven  such  culverts, 
each  10ft.  high  and  13  ft.  wide.    In  addition,  there  is  a  "navigation 
pass,"  the  purpose  of  which  was  to  permit  passing, a  small  gasoline 
launch  through  the  gate.     This  navigation  pass  ia  practically  useless 
because  the;  mill  race  through  it,  when  the  diflerence  in  water  level 
above  and  below  the  gate  exceeds  1  ft.,  precludes  the  idea  of  dragging 
a  boat  thiou^  it;  indeed,  no  attsmpt  has  ever  been  made  to  use  it. 
The  floor  of  the  gate  is  98,  ft.!  ^bove  sea  level,  according  to  the  C.  D.  Co. 
datum,  and   100.9  ft,  "according   to   the  U,    S.   Beclamation    Service 
datum.     At  the  time,  and  until  after  the  summer  flood  of  1909,  the 
average  low-water  surface  in  the  river  was  about  108  ft.    The  elevation 
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of  the  flow  line  at  the  gate;  iiierefore,  was  fixed  so  that  the  culvetts 
would  run  full  at  low^water  staga  The  present  low-water  surface  is 
about  106  ft.        .     .  M 

The  area  of  the  eleven  culverts  is  1  320  sq.  ft.,  and;  with  the  water 
1  ft.  higher  on  the  up-stream  than .  on  the  down-stream  side  of  the 
gate,  their  combined  discharge  would  be  8  500  sec-ft.  In  addition,  a 
lar^e  quantity  of  water  would  go  through  the  navigation  pass,  which 
is  10  ft.  3  in.  wide.  When  the  water  is  10  ft.  above  the  top  of  the 
culverts,  it  is  necessary  to  close  the  gates  within  3,8  .ft.  of  the.  bottom 
to  hold  the  discharge  through  them  down  to  lOOOO  sec-ft.,  when  the 
carrying  capacity  of  the  canal  below  is  great  enough  to  allow  the  water 
to  get  away. 

The  gate  was  designed  to  pass  the  entire  low-water  flow  of  the 
river — ^which  it  was  assumed  would  certainly  not  exceed  10  000  sec-ft. — 
without  iany  diverting  dam  in  the  river  opposite  it. 

Cost  of  Structure, — Table  12  g^ives  the  cost  of  this  structure,  with 
the  contract  prices  for  excavation,  concrete  work,  etc. 

The  cost  of  the  gate,  however,  was  (^oiiaiderably ,  more,  because 
Contractor  Leonardt  presented  a  claim,  insisting  that  the  prices  for 
earth  and  rock  excavation  nfetfjed' in. his  cotitirjUjtwei'e. agreed  to  by  hiin 
on  certain  assurances  made  by  TVfr.  Hockwood  ias  to  the  character  of  the 
excavation,  which  had  proved"  more  difficult  than  v(ras  expected.  This 
claim  was  made  as  soon  as  Mr.  Leonardt's  representatives  reached  the 
ground,  ^nd  Mr.  Eandolph  permitted  a  change  to  a  force  account  basis 
because  of  his  desire  to  hurry  the  construction  in  every  possible  way. 
The  earth  excavation  in  this  way  cost  64  celits  per  cu.  yd.  and  the 
rock  $2.06,  thus  increasing  the  figures  by  $10  818,  making  a  grand 
total  of  $56  221.08. 

•      ,  ■  •  »  •  .  . .  ' 

Careful  accounts  were  kept,  and  it  was  ascertained  that  the  con- 
tractor made  a  profit. of  $2,700  on  the  concrete,  and  $^41.50  on  erecting 
the, gates,:  What. the  earth  and  rock  excfivation  should  hav^e  post. is  a 
matter  of-  son^Q,: .  though  sli^t»  interest  to  the  Profession,  as  these 
would  nepessaxily .  v^xy  accordiiig  to  local  conditiona.  As .  fi .  sE^atter  of 
fact,  with  a  ^qod  pumping  plant,  a  mining, noz^sle.o^  gi^nt,^  a, hydraulic 
..  elevator,  and  some  pipe,  the  earth  excays^tien  could  probably  have  been 
.  handled  for  20  cents  per.  cu.  yd.,  and.po0sibly  less*.  Much  of  the  rock 
Tvas  fairly  soft,,  aiid  could  l^ave  been  workjBd  easily,  and  cheaply,,  so 
that,.. h,ad.  the:  con^f actor  put  in.  power  drills  and.o^e  or  two  'U>ng' 
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boom  derricks  to  handle  the  rock  out  of  the  cut,  it  is  probable  that 
the  6ost  of  such  excavation  would  not  have  exceeded  the  contract  price. 
The  quantity  of  water  entering  the  coffer-dam,  or  rather  excavation 
pit/  was  surprisingly  small. 

T  ASLE  12. 


',     '              Qatb  STRmhrcRB. 

1 
1                           '                                               • 

Barth  excavation.  12  637.1  cu.  vd,  at  SQ.25 

■    $8169.28 
5  70O.fifl 

HaaIt  AXRftVAtion.'  6  700  81  cii:  vd.  iit  SlI.OO.. . .' i 

Cement.,  furnished  by  company,  1  886  bbl.    (Olsen,  Gillingbam, 

4'iSSi.9& 

Concrete,  labor,  forms,  sand,  gravel,  and  rock,  1  204.88  cu.  yd. 
at  S9  00 ...;.....  J •....*...........*.,;.* 

10  848.47  . 

ReinforcinfiT  steel  bars.  26  722  lb  at  4  cents 

1965.16 

Kxpandf<d  metal  for  firatp  f acinirs.  701  ih,  ^^t  4  cents. 

81.64 

Allowance  for  8  davs  delav  to  contractor 

102.50 

£xtrfts .. . . « .■ ...  ^ ...'  i ..!... '. .'........  t ..  k  <.-..'.....<  i 

.    807»07 

•     .                   .  <          •    ■                      •    .  •                 ■    ■ .        • 
Charsres  asrainst  contractdr . .'.....'........ ". '. .  ^ ; ,. . , . .".'. 

$27  042.18, 
27l;70 

«      ^                      '            • 

Total  cost  of  srate  structure 

•  1  •           '   i 

$26  770.48 

»                    .                            •  '  '  ,      I                     _        •               ,         » 

'    .    .   1 

'  Iron  AND  Stkkt,  Work  FOR"  Ginc. 

•    '     -■.'•' 

I  -  ;  M    ■   L     J  ,- ;  ■  -                  ' 

Llewellyn  Iro  a  Works'  original  oontract  for  twelya  radial  ^tes 
and  one  si  de-gate  (in  navigation  paiss)  f.  o.  b.  Los  Angeles.. . 

Freight  to  Yuma,  on  212 184  lb.  paetal  in  aforesaid  giltes  at  91.25 
Der  ton '.'. 

$12  000.00 

isi.eo 

Regulating  leyers,  shaft,  and  gear  (subsequent  pontract) ........ 

Erection  of  crates  rLeonaridt'k  contract) 'i 

980.00. 
1  '500.00 

•             .                                                                              ...'..                             .                                                                                                 .                 '                                                      !•>(■. 

'I       •     '       '■     '■       "         f      ' 

Total  cost  of  iron  and  steel  work «...* .,...., 

'S14818JB0 

Plans,  enerineeriniir.  and  8UT>erintendenoe.  6.7!S^ 

•'    2  825^0 

■■    .■■        •■     .      •              •        •■--'•     ;  •    •  .t    .,  •    • 

1                              ,     J  1    - 

Tot^  009^  of  head'works..  ..-.-..<....*........'..•»..  .;*..: 

■               r. Irr^ '■?.■'                .  ■  1' p— ^ ■ ^ -^. ■■ 

•       $44'408'.08 

Fig.  26  gives  a  plan  and  elevation  of  this  gate,  and  Figs.  ^4  and  "25 
are  views  of  the  structure.  -      ; 

Purpose,— At  th^  time  this  gate  was  designed,  the  inon^  available 
for  construction,  through  the  Southern  Pacific's  connection  and  the 
loan  of  $200  CiOO,  justified  the  iiiiinediate  constnictibii'  of  t)ermanent 
head-w<^rks,  indeed,  buildinfe  this  and  the  Alamo  Waiste-gatfe  were  the 
chief  items  for  Which  the  lo^n  was  made*  Furthfermiore,  the  entire 
diversion  of  the  river  at  the  lower"  intake  h'ad  showh  the  ifolly  of 
trying  to  get  along  without  them.  The  gate,  while  intended  as  a 
permanent  diverting  structure,  was,  nevertheless,  primarily  designed 
/for  use  in  endeavoring  to  re^divert  the  river;  otherwise,  of  course,  it 


10. — Gate  Raibinq  Mechanism  of  Concbete  Heas-Qate. 
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would  I»T«  been  made  much'  leas  than  half  as  large.     Actually,  it 
pda^ed  no  part  at  any  tinM  in  divtrting  the  strealn. 

Operaiion. — The  gate  was  actually  put  into  operfttion  on  Novem- 
ber 1st,  1906,  when  the  water  going  through  t^e  break  had  been  re- 
duced to  a  {|uantity  too  'small  for  tbe  requirements  of  the  valley:  About 
fi  'we^B  later,  tbe  flood  which  cauBed  tbe  eecond  break  occurred,  and 
resulted  In  an  accumulation  of  drift  on  the  iip-stMatn  sid6  of  the 
gate  iPhioh  choked  up  the  underground  culverts  and  practically  put  it 
out  of  commisBicau  From  that  date  to  tLie  th«  troubles  caused  1^ 
drift  in  the  river,  particular^  at  high-vrat^r  periods,  have  be^  serlbua 


and  often  acute.  Gates  of  this  type,  for  bead-works  on  a  river 
carrying  any  drift 'to  apeak  of,  let  alone  as  much  as  the  Colorado 
often  has,  should  be  avoided.  After  considerable  experience  it  is 
obvious  that  if  permanent  diversion  of  the  w&ter  for  the  irrigation 
of  the  valley  is  not  made  on  Mexican  territory,  then,  whenever  enbugji 
money  is  available,  it  will  be  best  to  abandon  tbe  structure  entirely 
and  make  diversion  thr6ugh  gates  similar  to  those  in  the  sluice-ways 
of  the  Laguna  Weir. 

Aside  from  the  type'  of  gate  for  such  a  locality  and  stream,  three  ' 
unfortunate  features  in  design  became  manifest.  Chief  of  these  was 
the  faillt  that  the  drums  on  which  the  wire  cables  for  raising  the 


1310  IBBIQATION  AND.  RIVER  COllTROX.^' GOLOUADO  RIV£& 

?ates  are  wound  are  much  too  small.  -Tbe  gfit«s  themselves  were  de- 
signed for  minimum  weight  with  th6.  neeeasery  Ebretq;th,  and  are  'not 
stifi  enough,  so  that  they,  tend  :to  wedg«.  unless  ■excaedinglF.  great  caie 
is  tajsen-  The,  net  result  ia  many  broken :  cables,  jit.on©  time  only 
two  oi  the  eleven  gates  were  in. operation,. some  imag  dear  down,  Bome 
clear  up,  and^ome  impossible  to  qloae  entirely  on  account  of  driftwood: 
under  them.  Fortunately;  the  D^lta  was  near  by  and.  was  lised  to 
raise  the  gates,  eo  that  new  and  strong  plow-steel  cables  aould  be 
installed,,  replacing,  the  original  ones  of  Tobin  bronze,  .i  in.  in  diameter, 
19  wires  to  the  strand..  These  plain:  steal  cables  corrode  badly,  of- 
course,  but  still  are  much  better  than  any  galvanized  iron  ones  of 
usable  diameter. 

Ancrther  bad  feature  of  the  design  is  the  form  of  abutment  built 
if  the  gate.  The  writer  has  always  been  fearful 
nd  its  way  through  the  10-ft.  tongue  of  puddled 
miy  barrier  preventing  water  from  getting  around 
ig  the  gate  entirely. 

■106,  a  canal,  from  t^  river  to  the  head-gate,  was 
excavated  by  teams  and  Fresno  scrapers.  This  intake  was  made 
100  ft.  wide  at  the  bottom,  with  .2^  to  1  side  slopes  down  as  low  as  the 
underground  water-table  would  permit.  At  about  the  same  tiine  the  Alpha 
reached  the  Upper  Heading  and  cut  into  the  concrete  gate  excavation 
from  the  Main  Canal  below.  The  upper  connection  was  wide  enough, 
but  the  bottom  was  at  least  8  it.  above  the  floor  of  the  head-gate,  and  the 
down-stream  connection  was  about  3  ft.  above  the  floor  of  the  gate 
and  much  narrower.  These  connections  were  widened  and  deepened 
to  their  present  capacity  by  erosion,'  dredging,  and  blasting,  as  ex- 
plained later. 

.  -The  Dredge,  Delia.-rrT'iie  other  element'  in  the  conc);ete. head-gate., 
plan  of  re-diversion  was  a  canal  from  the  head-gate  to  the  break,*  dis- 
tance of  approxiqiately  4  miles.  It  wag  to  be  of, sufficient  size  to, carry 
the,probable  minimupi  flow  of  the  river,  lOOOO.aec-ft,  A?  it  was  obyi- 
oiis  that  this  stretch  of  canal  would  haye  to  be  lower,  than  the  bed  of 
the  river  all  along.the  line,  in.order  to. permit  of. taking  the  entire  low- 
water  flow  without  a  diversion  dam  in  the  river  opposite  the:  head^ 
gate,  ^  very  large  part. of  the  cros8,:3eeticn  to  be  excavated,  would,  be 
beloiv  the. permanent  water-tabl.e  of  the  rjegion.  Therefore,  some  kjnd 
of  excavating  machinery  which  could  Ijandle  larg^  quantiti^.of  tnav; 
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terial  under  water  had  to  be  provided.  It  was  taken  for  granted  that 
the  cheapest  aind  quickest  method  of  providing  this  watferway  was  to 
enlarge  the  existing  Main  Canal,  although  the  writer  thinks  this  was 
erroneous.  The  dipper  dredge,  Alpha,  by  almost  continuous  operation 
in  this  part  of  the  coursejihad  built  up  levees  on  both  banks  so  high 
as  practically  to  limit  its  future  operation  without  flattening  down 
these  levees  with  teams  and  scrapers.  Largely  on  the  iid vice  of  Mr. 
Edm^er,  it  was. decided  to  consthict  a  clam-shell  dredge  of  the  type 
used  almost  exidusively  for  levee  building  along  the  Sacramento  River. 
Accordingly/ a  contract  for  machinery^ •  and  for  plans,  bills  of  mate- 
rials^ et^,.  of  the  hull,  was  entered  into  with  the  Golden  State  and 
Miners.  Iron  Works,'  of  San  Trandscd,  which  makes  a  specialty  of 
cland-sbell:  dredge  machinery,  construction,  andeveii  operation,  on  the 
Pacific  Ooast.  This  contract  was  dosed  o»  January  10th,  1906.  The 
320  000  ft;  of  Oitegon  pine,  lumber  and  other  materials  for  the  hull 
W0re  bought.  Iihrou^.  the  piitchasibg  <  department  of  the  Southern 
Pacific  Company,  and  the  unusually"  large  timbers  required  were  oh-' 
tained  in  Oregon  and  sent  directly  to  Yuma.  In  the  purchase  of  both 
huU  material  •  and  machinery,-  time  was  considlei^ed  als  of  the  essence 
of  the  contracts;  -       '         . 

•A  dredge  t^ith:.  a  150-f t. :  boom:,  carrying  a  5-cui  yd.-  bucket  was 
decided  on,  and  a  hull  120  ft.  lo^  54:  ft.  "^ide,  and  11  ft.  deep.  This  ' 
width -was,  2  ft.  greater  than  had  ever  been  built  on  the  Coast,  although 
the  tendency  is.  to  increase  the  dimensions,  and  one  is  now  building 
in  San  Franeis<;di,:tO  .:by' 140-ft.  hull,  205-ft.  boom,  and  6-:cu.  yd. 
bupket.  The  jndcjiin^ary  is ,  M  150-h.p.^  inte!rnally*firedy  •  circular,  fire* 
tube  boi}ey>:and  a  20  by  84rin.  engine  on  each  side.  -  Tt  was : decided  to 
build  the  hull  and  erect  the  machinery  at  Yuma,,  and  flbat  the  com*- 
pleted  dredge,  down  the  rivejr  ta  the  ihtake.      ^ 

Lumb^  f or  tjhe.huil  began' arriving  in  Yiimd  lalte  in  January,  arid  . 
early  in  March  the  company  was  notified  that  all  the  machinery  was 
ready  at  San  Francisco  for  shipment.  Mr.  Edinger's  cbhriection  with 
the  company  had  ceased  soon  after  the  destruction  of  the  Edinger  Dam, 
and  Mr.  Rockwood  had  very  little  confidence  in  the  feasibility  of  the 
concrete  head-gate  plan,  or  in  the  desirability  or  n^e^d  for  the  clam- 
shell dredge,  and  felt  that  the  great  cost  thereof  would  deplete  seri- 
ously  the  $200  000  loaned. by  the  Southern  Pacific  Company.  There- 
fore, practically  nothing  was  done  in  the  matter,  and  so.  it,cam^  about 
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that  the  great  conflagration  in  San  Franoisco,  follonaing  the  eairth- 
quake  of  April '18th»  1906>  destroyed  the  plant  of  the  Golden  State,  and 
Miners  Iron  Works,  in  which. all  Ihe  machinery: /for  tliis  dredge  was 
stored  jready  for.  shipment;  Fortunately,  the  dieimage  sustained  by  the 
apparatus  was  not  extensive,  and  by  ^May  15th;  1906^  all  the  machinery 
had  reached  Yulna.    .       .     .  -  * 

Mr.  Ji  W.  Brolim,  a  member  of  the  Golden  State  and  ^Miners  Iron 
Works  Corporation,  agreed  to  take  diarge  of  buildix^  the  hull,  and 
reached  Yuma  abdutMay  iatj^brhigiiig  with  him  a  conaplete  crew: of 
mechanics  and- ship 'buildeiis.  W<irk  was  hurried^  and  with  such  suc^' 
cess  that  the  hull  wa^  launched  about  August  15th,  the  machinery, 
was  in  place^by  thje^endof  October,  and  the:  dredge  weighed 'anchor 
and  started  down  the  riyer.  At  this  time  tbeniver  was  getting- -low 
and'somie  diffiotdty  wasencounterediy  but  on  Noyember  !26th^  ld06, 'the' 
cliam-shell  arrived  at  the-  mouth- of  the  American  inteike.  The  total 
cost  of  the  dredge,  ready  to  start,  down  the  river,  was  almost  $84000; 
the  cost  of  the  machinery  being.  $34' 000,.  f*  o.  b.  San  Francisco.  The 
weight  of  the  -emit  is  about  850  tons. 

This  dredge>  Plate  XLYUI,  ha»been  ian  invaluable  poisce  of  machin-' 
ery  to  the  C.  D.  Co.  Had  it  been  ready  for  use  in  August,  1905,  the  cost 
of  doing  the  earthwork  in  the  Hind  Bam- would  ^haVe  been  wonder- 
fully reduced.  As  it  was,  the: dredge,  after  doing  a  little  work  in 
enlarging  the  intlike  above  the  concrete  head-gate,  was  floated  down 
and  cut  its  way  into  the  Main  Oanieil  following  the  upper  Mexican 
intake.  It  was  engaged  on  this  work  when  the  second  break  occurred, 
and  continued  tbiereon  as  though  this  latter  event  had  not  happened. 
Like  the  concrete  head-gate,  it  played  no  part  whatsoever  iil  the  re- 
diversion  of.  the  river. 

For  the  information  of  those  who  are  liot' familiar  With  tlii&  results* 
and  cost  of  clam'-sheir  dredge  operation,'  the  following  <  data  are  gi;veh: 

Operatives,  <  .;; 

'.     1  Caiptain:  at  $125.  to  $150  petjmonth,  and  board. 

3  Levemen  "..  ,:  .     85 

.     2  Fir^en  "  60 

2  Deckhands  "  .50 

1  Cook  '\  :.         ,     60 

•1  Blacksmith  *'  ''"'-     90 

'      -   1  Roustaboiit  "  40 
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Three  shifts  giv6  a  total  of  22  hours  actual  work  daily*  The  average 
time  in  operation,  when  proper  repair  work  is  done,  is  28  days  per 
month.  When  in  good  ground,  and  with  side  swings  averaging  70°  on 
each  side,  the  time  per  bucketful  is  40  sec.  The  quantity  handled 
(viarying  according  to  the  material)  is  from  3  to  8  cu.  yd.  as  ordinary 
extremes.  On  the  Sacramento  River,  under  good  conditions,  150  000 
cu.  yd.  per  month  are  handled. 

Monthly  expense. 

Maintenance  and  operation $2  500 

Interest  on  investment  at  6% 400 

Taxes  and  insurance 200 

Deterioration 700 

Sometimes  as  low  as » $3  800 

Ordinarily,  the  raonthly  expense  in  Mexico  is  $5  000.  The  average 
cost  is  2|  cents  per  cu.  yd.  The  average  cost  of  the  work  done  by  the 
Delta  in  Mexico  is  from  4  to  6  cents  per  cu.  yd. 

The  Rockwoop  Head-Gate* 

As  already  explained^  it  was  decided  to  follow  both  Mr.  S^huykr's 
and  Mr.  Rockwood's  plans  for  diverting  the  river,  and  so,  for  the 
second  time,  on  December  16th,  1905,  Mr.  Rockwood  was  authorized 
to  proceed  with  the  construction  of  a  wooden  head-gate  beside  the 
lower  intake.  The  •  heavy  flood  of  November  29th  and  its  receding 
waters  had  widened  the  intake  from  300  to  approximately  600  ft., 
and,  after  considering  the  conditions,  it  was  decided  to  build  the  gate 
directly  in  the  old  canal  about  200  ft.  north  of  the  intake  channel, 
in  order  to  reduce- the  time  and  the  quantity  of  excavation  required, 
and  to  divert  the  relatively  small  quantity  of  water  in  the  old  canal 
around  the  gate  with  a  by-pass  to  be  dug  by  the  Alpha,  The  gate, 
started  and  abandoned  three  months  before,  was  originally  planned  for 
a  width  of  80  ft.;  this  was  increased  to  120  ft.  in  order  to  carry 
a  maximum  of  9  000  sec-ft.  As  the  gate  could  not  be  completed  until 
the  spring  of  1906,  the  length  was  extended  to  200  ft.  The  over-all 
dimensions,  including  the  wooden  aprons,  became  240  by  100  ft.  The 
entire  space,  of  course,  had  to  be  inclosed  in  a  coffer-dam,  and  the 
excavation  had  to  be  made  inside  of  it.  The  plans  are  shown  on  Plate 
XLIX. 
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As  far  a$  the  writer  has. ever  heard,  this  is  the  largest  and  most  dar- 
ing design  ever  made  for  a  wopden  A-frame,  flafib*board  head-gate. 
Pile-driving  was  begxin  on  January  7th,  and  the  gate  was  completed 
on  April  18th, .  1906 ;  the  work  wag  rushed  day  and  night  for  the 
greater  part  of  the  time,  and  no  real  difficulties  whatever  were  en- 
countered. As.  in  the  case  :of,  the  concrete  head-gate,  4  miles  above, 
the  quantity  of  water  seeping  into  the  excavation  waa  surprisingly, 
small.  The  various  items  of  the  cost  of  this  structure  were  not 
segregated,  so  that  the  details  cannot  be  given,  biit  the  grand  total 
expense  of  the  gate  proper,  exclusive  of  the  by-pass,  was  approximately 
$122  500. 

The  discharge  of  the  river  by  April  10th,  was  32  200  sec-ft.,  and 
showed  that  the  annual  flood  had  begun,  therefore  all  idea  of  attempt- 
ing to  divert  the  water  through. the  gate  by.  damming  the  crevasse 
itself  before  the  summer  flood  i^ould  have  been  passed,  was  abandoned. 

Change  in  Engineering  Staff. — On  May  15th,  1905,  the  writer  was 
transferred  from  the  Southern  Pacific  Company  in  San  Francisco 
to  the  Associated  Harriman  Lines  in  Arizona,  with  the  title  of  As- 
sistant to  the  President  of  tho^  properties.  About  6  weeks  later  Mr. 
B^dplph's  duties  were  increased,  as  he  was  put  in  charge  of  the  0.  D. 
Co.  and  the.  Mexican  Co.,  and  shortly  thereafter  the  officials  of  i;he  South- 
em  District. of  the  Southern. Pacific;  Company  urged  on  him  the  very 
serious  fact  that  th^  track  beside  the  Salton  Sea  would  soon. be  under 
water,  and  insisted  that  ^gressive  action  be  taken,  to  close  the  break 
on  the  riv^r,,  About  the.  middle  of  July  Mri  Bandolph'  sent  thfe  writer 
to  the  riv^r  to  confer;  witji  Mr.  Rockwood,  and  a  day:  was  ^)ent  together 
examining  the  situation.  About  August  1st  a  second  trip  was  made, 
and  ftfter  the  disastrous-  flood  of  November  28th;  1906;  a  iJiird  visit. 
Toward  the  end.  of  «Fanuary  Mr.  Randolph  again- sent  the.toiter  to 
the  Lower  Heading  to  assist  Mr.  Rockwood  in  hurrying  the  con- 
struction pi  the; wpoden  head-gate.  As  this  work.near^d  completion, 
Mr.  RockwQod  suggested : that  he  had  found  it  impossible  to  handle 
things  in  aceordande  with  his  own  ideas;  he  believed  that  the  best 
interests  of  all  concerned  pointed  to  his  resignation,  and  uxged:  that 
thte  writer  take  up.  the  wotk.  After  considerable  discussion  it  was 
agreed  thatj  if  Mr*  Randolph  ako- desired  the  arrangement,  there  would 
be  no  objection  offered^  Shortly  afterward  these  gentlemen  met  in  Los 
Angeles  and  agreed  to  the  change,  and  on  April  19th,  Mr.  Rockwood 
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resigned  as  Assistant  General  Manager  and  Clrief  Engineer,  and 
was  appointed  Consulting  Engineer,  and  the  writer  was  appointed 
General  Manager  and  Chief  Engineer.  Mr.  Roi^wood  continued  to 
act  as  Consulting  Engineer  until  October  Ist,  1906,  when  he  severed 
his  official  connection  with  the  compaiiy. 

The  8an  Francisco  Fire. — ^On  April  18th  had  occurred  the  earth- 
quake  which  resulted  in  the  great  San  Erancisco  conflagration,  and 
exaggerated  rumors  as  to  the  extent  of  the  disaster  made  it  seem  certain 
that  the  machinery  for  the  Delta  was  utterly  destroyed;  but  that  was 
the  least  important  result,  as  far  aS  the  C.  D.  Co.  was  coiicemedli 
It  appeared  that  the  key  city  to  the  Harriman  Lines  was  practically  in 
ruins,  and  the  Southern  Pacific  Company,  as  a  railroad  organization, 
was  very  seriously  hurt. 

Mr.  Randolph  hurried  to  San  Francisco  to  join  with  the  other  of- 
ficials in  the  West  in  conferring  with  Mr.  Harriman,  who  had  at  once 
started  for  the  scene.  There,  in  the  bustle  and  confusion  of  temporary 
offices,  with  the  ruins  of  San  Francisco  still  smoking,  with  the  facilities 
of  the  road  to  carry  people  away  from  the  stricken  city  taxed  to  the 
very  utmost,  with  the  wonderful  railway  system  which  constituted 
Mr.  Harriman's  life  work  crippled  to  an  unknown  extent,  and  with 
the  financial  demands  resulting  from  the  disaster  impossible  to  de- 
termine, Mr.  Randolph  succeeded  in  inducing  Mr.  Harriman  to,  ad- 
vance, an  additional  $250  000  for  controlling  the  Colorado  River  and 
protecting  Imperial  Valley.  It  has  always  seemed,  to  the  writer  that 
this  was  really  the  most  remarkable  thing  in  the  whole  chain  of 
extraordinary  happenings. 

The  Situation,— The  wooden. head-ga^e. was  completed,  and  the. up- 
per  and  lower  by-passes  connecting  it  with  the  break  had, been  fairly 
.well  started  with,  the  dredges,  Alpha  ^nd.B^tc(>;,,the  concrete  head-gate 
was  well. under  way;  the  niat€|rial  f pr  .the  hull  of  the  Delta  was.  in 
.Yuma,  and  lie  machinery  seriously  damaged  in  .San  Francisco;  the 
tracks  of  the  Southern  Pacific  Railroad  along  th^  S^lton  Basin  yrej^e 
nearly  awash. for  a  considerable,  length;. |il^e;  annual  siimmer  flood  of 
1906  .had  begun,,  and,  frpm.  the.  Weal^he??.  Bur^n/repprt?  ,fpQm  the 
drainage  basin,  would  be. a.  very  Ifjrg^.  one;,  the. :irrigation  system  of 
Iii^perial  Valley:  was  already  threaten0d  at  several  vita}  points  by.  thip 
excessive  quantity  of  water,  going  down,  the  Alajno  ^h^^pel.^or  jfifain 
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Canal;  and  friction  between  the  old  C.  D.  Co.  stockholders  and  the 
new  management  had  commenced. 

No  very  great,  degree  of  reliance  could  be  placed  on  the  wooden 
head-gate,  considering  the  character  of  its  foundations;  and  the  failure 
or  serious  weakness  of  that  structure  meant  the  failure  and  abandon* 
ment  of  the  Kockwood  plan  for  re-diversion.  The  difficulties  of  the 
Concrete  Qate  Plan,  under  the  most  favorable  circumstances,,  became 
more  apparent  with  further  invjsstigation,  and  were  very  greatly  accen- 
tuated by  the  delay  in  getting  the  Delta  into  commission.  The  proba- 
bility of  the  withdrawal  of  financial  support  at  any  time  through  the 
discouragement  of  the  Southern  Pacific  officials  as  to  the  ultimate  suc- 
cess, of  the  work  was  a  serious  factor.  Transportation  facilities  from 
Yuma  were  very  inadequate,  consisting  of  the  steamers,  Searchlight, 
St.  y oilier,  Cqchan,  and  the  barge^  Silas  J.  Lewis,  all  of  sufficiently 
light  draft  to  navigate  through  the  shoals  and  sand  bars  of.  the  Colo- 
rado. There  were  large  quantities  of  willow .  brush  suitable  for  fas- 
cines and  mattress  work  near  the  break,  but  no  tiniber  suitable  for 
piling.  The  nearest  point  where  piles  and  heavy  timber  were  obtain- 
able was  Los  Angeles;  from  there  they  came  by  rail  to  Yuma,  from 
which  point  they  could  be  floated  down  the  river  only  at  considerable 
risk,  so  that  it  was  cheaper  to  load  them  on  barges  and  bring  them 
down  with  steamboats. 

Experience  thus  far  had  indicated  the  practical  impossibility  of 
closing  the  break  with  a  piling-brush7sand  bag  barrier  dam,  and  there 
were.no  quarries  for  many  miles  either  west  or  east  along  the  rail- 
road, and  none,  of  course,  available  except  with  railroad  facilities  for 
loading  and  transportation.  Further,  rock  would  require  to  be  trans- 
ferred to  barges  at  Yuma  and  be  brought  thience  by  river  to  the  scene 
of  operations. 

Practically  every  engineer — and  they  included  many  of  established 
national  and  international  reputation^who  had  visited  the  break 
considered  a  rock  fill  barrier  dam  as  entirely  unworthy  of  consider- 
ation, for  two  reasons: 

First,  it  was  believed  that  rock  would  sink  into  the  soft  alluvial 
silt  bottom  and  keep  on  going  down  indefinitely,  even  if  more  and 
more  slowly.  Old  river  men  quoted  numerous  instances  of  wrecked 
river  craft.  :  They  cited  a  dredge,  bought  a  few  years  before  by  the 
C.  D.  Co.i  which  had  sunk  on  its  way  from  Yuma  to  Hie  upper  intake. 
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gradually,  settllnfir  entirely  out  of  sigHt  in  a  few  months^  The  con- 
senaus  trf  opimoii,  therefore^  wHs  thit  toy  rock  fiU.  would  cettainly 
seitle  out  of  sight  tinless  built  on  a  very  strong  brush  mattreaa  fous- 
dation>  and. the  probabilities  were  great  that  such  a  mattress  would 
break  under  the  load  and  f  Ail  of  its  purpose. 

The  second,  vital  objection  urged  against  a  rock  fill  barrier:  darn 
was  that  the  water  going  over  it  while  building  would  dislodge  some 
portion  of  the  ffll  or  some  one  rock  at  the  top,  thereby  intcre&aing  the 
overpour.  at  this  point,  which  woijld  dislodge  more  rock  and  in  this 
way  quickly  result  in  a  breach  whic^  epuld  not  be  closed. 

It  was  thought  that  these  coKididerations  not  only  quite  precluded 
the  idea  of  a  barrier  dam,  should  the  wooden  gate  fail,- but.  rendered 
very  doubtful  the  construetion  of  a  diversion  :dam  or.  obstruotion  in 
the  chai^nel  oi^site  the  gate  which  would. cause  a  dif^erei^c^.  in  head, 
above  and  below  it,  great  enough  to  throw .{^11  the  water  through. it&e 
by-pass  and  jgate.  This  he«^4  ^oe  varioiisly  estimated  at  from  3  to  6  ft. 
—the  head  on  the  finished  dam  would  be.  about  ,15  ft...at  low*water  stage. 

On.  one. point  there  seemed  to  be  accord,  namely^  that  the  situation 
was  a  .desperate  one  and  without  engineering  parallel^,  and  timt  there 
seemed  ,to,be  Uttle  more  than  ^  fghtin^  chance  of  conj^rolUng  the  rivei:. 
No  two,  of  the  nearly  fifty  emii^ept  engineers  who  visited  the  scene 
and  examined  into  the  situation  more  or  less -carefully,  ^igreed  on  any 
one  pla^  as  offering  th^  greatest  chances  of  .3uccess,  but  pointed:  out 
fundamental  weaknesses  iu  practically  all  ol^er  methods  suggested. 
This  feature  was  so  marked  that  when  the  writer  suggested. tq  Presi- 
dent Bandolph  that  the  immensity  of  the  interests  dependent  for  their 
safety  on  the  rerdiversipn  of  the;  river  filmed  to  render  advisable  a 
Board  of  Engineers,  be  answj^red  th^t  he  would  regard  100  ft.  of  .good 
strong  brush  n^attress  in  place  on  the  river's  bottom  as  more  valuable 
than  the  report  of  any  Board  of  Engineers  which  could  be  gotten  to^- 
gether.  .  .■  .. 

The  immediate  menace,,  however,  was  from  the  summer  flood  in 
passing  through  1;he  iDfiperial  Valley  to  the  Saltan  Sea.  The  Weathet 
Bureau's  reports  from  the  upper  drainage;  basin  then  indicated  a  very 
great  total  discharge,  ^nd  a  peak- perhaps,  as  high  as  ,100,000.  sec-ft. 
The  crevasse  had  now  enlarged,  and  the  old  channel  below  had,  filled  up, 
so  that  practically  all  this  water— several  times  as.  much  as  had  ever 
yet,  entered  the  valley — must  go  the  new  way. 
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Summer  Flood  of  1906. — ^Plate  XLVII  shows  that,  compared  with 
recent  floods,  the  summer  flood  of  1906  was  very,  latge,  although  it 
has  been  greatly  exceeded  since  then,  notably  in  1907  and  1909.  The 
increased  fall  down  the  Alamo  River  chaanel  resulted  by  August  1st 
in  lowering  the  river  at  the  diversion  point  approximately  4  ft-,  but 
it  silted  up  as  the  flood  receded,  leaving  a  net  lowering  of  between  2 
and  3  ft.     (Fig.  3.) 

It  widened  the  break  from  600  almost  to  2  700  ft.,  and  rendered 
far  more  expensive,  in  time,  equipment,  and  money,  the  task  of  puttittg 
the  wooden  head-gate  into  commission.  The  most  important  effect, 
however,  was  the  danger  it  caused  in  various  ways  in  the  Imperial 
Valley  proper.-  ... 

Such  a  vast  quantity  of  water  going*  down  the  Alamo  channel  was, 
of  course,  never  contemplated  in  designing  the  new  waste^^tes  near 
Sharp^id  Heading  discharging  down  the  Alamo  River'  (built  June  to 
August,  1905),-  and'  at  Station  134  on  the  Central  Ufain,  and  they 
were  taxed  to  their  absolute  limits.  So  much  passed  the  Alamo  Waste- 
gate  that  it' caused  a  recession  of  the  grade  in  that  channel  below,  so 
that  the  structure  was,  figuratively  speaking,  oh  stilts.  Twice  the  chute 
below  the  structure  had  been  extendekl,  the  last  time  in  February  and 
March,  1906,  when  the  equipment  was  removed  just  as  the  water  began 
to  go  over  the  top  of  the  gates.  '.       ' 

By  a  peculiar  arid  most  fortunate  coincidence,  when  the  Alamo 
tVaste-gate  was  discharging  approximately  3  600  sec-ft.  and  Sharp's 
and  the  Encina  Head-gates  were  being  utilized  to  the  capacity  of  the 
canals  below  them,  the  water  in  the  Alamd  above  this  point  spread  over- 
bank  for  miles,  going  to  the  west  and  south  sufficiently  deep  to  save  the 
situation.  Thuia  it  happened  that  when  the  peak  of  the  flood  was 
reached,  and  approximately  75  000  sec-ft.  were  going  down  the  Alamo 
channel  toward  the  Salton  Sea,  all  but  about  6  000  sec-ft.  Were  going 
overbank  to  the  south  and  west.  Had  not  this  most  fortunate  condition 
existed,  the  Imperial  Valley  irrigation  system  would  eai^ly  have  been 
broken  into  the  deep  channel  of  the  Alamo  b€ll6w  the  wastie-gate,  and 
at  once  cut  the  water  out  of  every  cankL 

Most  of  this  bvarbank  flow  to  the  south  and  west  collected  in  the 
various  sloughs  aiid  low  lands,  particularly  Beltrari's  arid  Garza^s 
Sloughs,  and  flowed  into  the  New  River.    The  small  channel  of  this 

■ 

watercourse  was  overtopped,  of  course,  and  the  water  spread  out,  just 


lEKIOATION  AND  EIVBH  OONTBOL,  COLORADO  HIVEE  1319 

Bouth  af  the  Boundary  Line  near  Calexico,  for  a  maximum  width  of 
about  10  mileSi  Some  of  tiie  water  overtopped  the  divide  of  the  delta 
cone,  gained  the  Paredones  channel,  and  thence  ultimately  reached  the 
Gulf. 

The  most  critical  points  were  where  the  New  River  channel  crossed 
the  Boundary  Line,  and  a  little  farther  down  along  the  Central  Main. 
At  Caleiico  and  Mexicali  this  broad  sheet  of  water  rose  until  it  cov- 
ered the  ground  about  4  ft.  in  depth.  (Fig.  28.)  The  danger  was 
not  appreciated  in  time  to  throw  levees  to  the  west  of  the  rail- 
road track  and  thus  protect  that  property.  The  disposition  of  the 
towns  and  the  railroads  was  to  wait  for  the  C.  D.  Co.  to  build  pro- 
tective levees,  in  spite  of  that  compaily's  announced  intention  of  doing 
nothing  of  the  sortL*  When  the  situation  was  finally  realized,  about  5 
miles  of  levee^— maximum  height  6  ft.^ — encircling  the  two  towns 
and  connecting  at  the  north  and  east  with  higher  ground,  was  hurriedly 
built.  Strong  winds  blow  m  the  spring  for  two  and  three  days  at  a 
time,  and  when  such  stormis  iswept  over  a  wide  stretchy  even  though  the 
ground  had  a  considerable  quantity  of  brush,  waves  were  caused  which 
made  the'  maihtenance  of  •  the6e  levees  at  times  very  critical.  Th^ 
were  held  successrf uUy,  however^  until  the  recession  of  the  New  River 
grade  made  them  no  longer  necessary. 

Along  the  Central  Main,  from  near  the  branch  railroad  crossing 
west  to  beyond  the  *Tive  Gates"  (where  the  canal  turns  to  the  north), 
the  water  rose  so  high  during  the  last  days  of  February  that  it  over- 
topped l^e  south  bank  of  the  canal  (Fi^.  29),  and  only  by  the  most  des- 
perate work  was  it  prevented  from  overtopping  the  north  bank  and  send- 
ing water  ^Northeastward  across  the  country  to  the  Mesquite  Lake  Basin 
and  the  Alamo 'channel.  Had  this  occurred,  tiie  Town  of  Imperial 
would  have  been  most  seriously  threatened,  perhaps  destroyed,  and  the 
New  River  and  Alamo  chasms  would  havfe  been  joined  by-  a  third  one, 
about  26  miles  long,  diagonally  across  the  valley  northeast  and  south- 
west. The  C.  D.  Co.  then  greatly  strengthened  this  north  bank  and 
raised  it  4  ft.  for  a  distance  of  nearly  3  miles.  When  the  situation  waft 
most  threatening  the  citizens  of  Calexico  and  Mexicali  were  called  out 
to  help  hold  the  levees,  while  1±ie  people  of  Lnperial  rushed  down  to 
aid  in  ihe  fight  along  the  Central  Main.      . 

*  This  was  because  the  coinpahy^s  attorney  advised  that  it  was  not  responsible  legaUy 
for  damages  caused  in. the  United  States  by  operations  of  the;  Mexican  Company  in- Mexico, 
and  to  avoid  carefully  any  action  which  might  be  considered  as  an  admission  of  responsi- 
bility by  the  company. 
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Both  the  Alamo  and  New  Kiver  <jhannel8  cut  back,:  oy/ing  to  the 
large  quantity  qi  water  flowing  in  them,  and  the  Salton  Sea  began  to 
rise  at  the  rate;  of  approximately  7  in.  per  day,  Thd  Southern  Pacific 
main  line  there  was  being  shifted  from  time  to  time,  by  means  of 
'^shooflies.''  Along  the  branch  line  from  Imperial  Junction,  to  Calexico 
the  trouble  at  the  crossing  of  the  Alamd  channel  was  far  greater  than 
should  have  been  permitted.  At  no  time  w^s more  than  3/500  8ec-<ft. 
going  down  the  Alamo,  yet  this  small  quantity  was  permitted  to  eat 
away  approximately  300  acres  of  land,  in  a  semi-ci,rcular:  forin,  from 
the  right  bank  of  the  channel  where  it  is  crossed  by  the  branch  rail- 
road into  the  valley,  and  caused  the  railroad  to  "shoofly"  its  tracks  fivie 
times.  The  alluvial  soil  of  the  Imperial  Valley  ia.vei^  eaaily  eroded, 
especially,  on  the  concave,  side  of  river  bend^  but  it  should  have  been 
possible  to  control  at  reasonable  cost  a  stream  pf  3  500  sec^ft.,  with  a 
velocity  never  exceeding  7  ft.  per  sec. 

The  Inter-California  Eailroad  from  Galezico  tpward  Yuma  had 
been  constructed  as  far  as  Cocopah  and  practically,  all  of  this  was 
under  water.  The  Holtville  Interurban  Railroad/ crossing  the.  Alamo 
Kiver,  was  cut  o^t  from  time  to  time,  the  channel  at  th&t  poiiit  being 
lowered  more  than  30  ft.  This  caused  6e]:iou£|  trcuble  with,  the  dis- 
charge pipe  of  the  Holton  Power  Company,  the  plaint  being  left 
rather  high«  and  considerable  work  was  required  to  keep  it  from,  being 
undermined  by  side  .putting.  The  head  available,  boyrever^*  was.  in- 
creased by  30  ft 

When  the  grade  of  New  River  hald  receded  to  ^  point  about  3  miles 
above  the  International  Boundary  Line,  a  large  area,  of  adobe  forma- 
tion was.  esncoui^tered^  and  the  fingers  of  the  stream  beglan. to  eat  away 
in  various  directions  iand  threatened  to  telir  up  the  Country  throitighout 
that  region  in  a. frightful  way.  The  rate  of  recession  was  also  grfeatly 
slackened.  Long  before  the  peak  of  the  flood  had  boen:  reached;  it  w^s 
evident  that  the  situation  along  the  Central  Main  and  fit  Calexico 
was  very  sericus  and  must  beeome  much  more  so,  until  grade  •rece9sion 
might  give  relief .  It  was  decided,  therefore,  to  use  dynamite  liberally 
in  an  endeavor  to  locfilize  the  New  River's  grade  recession  and  to 
facilitate  its  prog:ress. 

From  observations  and  soil  and  other  data  at  the  time  lavailable 
the  probability  seemed  slight  of  such  recession,  extending  morp  than 
6  or  7  miles  beyond  Calexico,  or  far  eniough  to  endanger  lowiB^ring 
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the  water  surface  in  the  Alfimo  above  the  controlliDg  works  and  so 
menacinfiT  the  water  supply  of  the  valley  before  the  summei*  flood^f  :|.908. 
It  was.  known  that  very  large  areas  of  adobe  soil  existed  in  the.Garsa's 
and  Bflltran^s  Slough  countiy,  so  that  the  euttiug  there  would  be 
very  much  slower^  There  thus  seemed  to  be  considerable  leeway, 
while  the  strain  on  the  irrigation  system  of  the  vall^  wais  so. severe 
«t  several  oritieal  points, that  it  wasi  utter  nonsense  to  think  it  could 
be  held  thr!Ofugh  another  flood  season, 

.  In  this  dynamiting^  fxotA  eight  to  sixteen  irlb.  sticks  of  dynamite 
were. tied  in.  a  bundle  about  a  iuhninatitig  oap  connected  witih  from 
8  to  12  in,  of  water'proof  fucte.  Theiu$e  was-then  lit  and  the  bundto 
toesed  into  the  wati^r.  4^..  little  practice  and  careful  observation 
enabled  one  to  become  quite jaroficieikt  in.  (Bstianating  how.  far  tho  bundle 
of  dynamite  wbuld  be  washed  down  stieam^  by.  the  current  beforci  the 
cap  exploded  the  fibeatge,  and  itt  placing  the  charge  to  get;  maximum 
resulta.;  'Undoubtedly*  the  ooujrse  of  the  gtftde  reeesMon  was  con- 
sideti^ly .  checked  and  bad  erosion  somewhat  itiitigated  by  this  work, 
but  It.  is  very  doubtful 'wheth^  the  time  of  the  grade  recession's 
passing  Oalexico  and  li^exicali  was  markedly  accelerated.         

When  this  occurred  the  results  were  spectacular  in  the  extreme, 
the  rate  .of  cuttipg  badt  at  this'p<mt  being  fairly  uniform  at  1  ft. 
per  miuw  The^ide  cutting  of  the  east  bank  of  the  wide,  deep  barranca 
for  several  :days  threatened  Caletico,  and  carried  away  a  considerable 
part  of  Mexieali, / including  the  railroad  station,  brick  hotel,  and.  a 
number. of  smaller  buildings.  ,  The  actual  damage  sustained  was  abont 
$15  000  in  Calea^ico  and  $75000  in  Mexicali. 

For  a  short  disjtaiico  past  Hexicafi  the  :cutting '  back ,  followed  the 
borrow-pits  of  the  Inter-Galifomia  Railroad,  utterly  destroying  it  and 
canning  away  mu^jh  of  the  track  and  trestle  material.  About  a  mile 
out  of  tovo^,  the  grade  rose  slightly  above  the  flood-waters,  but  farther 
on,  for  several  miles  again,  the  roadbed  was  practically  destroyed, 
although  no.  m<»re  track  mliterial  was  lost.  ' 

These  flood-waters  covered  about  6  000  acres  of  cultivated  farms, 
of  course,  utterly  ruining  the  crops.  Greater  damage,  however,  oc- 
curred as  the  grade  rieceded  and  the  water  rushed  from  each  side 
toward  the  newly-made  channel,  resulting  in  cutting  back  fingers  or 
side  canons  from  the  main  stream  to  distances  and  depths  depending 
on  the  length  of  time  required  to  drain  o£E  the  contributory .  watei:* 
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Some  of  these  side  cafions  extended'  back  from  3  000  to  2  500  ft.  It  thus 
Happened  that  about  8  000  aciies  of  impr6ved  and  10  000  aeres  of  un- 
improved'land  were  eroded  to  such  an  exteat  as*  to  be  practically 
ruined  for  agricultural  or  any  other  purposes.  Of  this  area,  about 
7  000  acres  were  public  land.  The  area  occupied  by  the  New  iand  Alamo 
channels  therinselved  was  increased  by  about  7  000  acred. 

The  gi^eatest  damage  in  the  Imperial  Valley  proper,  however,  was 
caused  by  the  destruction  of  the  flumes  in  the  West  Side  Main  over 
New  River  in  Mexico  and  the  Oentral  Main  over  New  River  north- 
west of  ImpeHal,  leaving  Miitual  Water  Companies  6  and  8  without 
water  until  Janiiary,  1908.  These  two  districts  contained  about  80000 
acred  in  actual  cultivation,  and  were  rendered  praxstically  uninhabita^ 
ble  and  absolutely  waterless  for  about  li:y^ars. 
*  Eicept  as  noted,  agricultural  operati<m6  in  the  valleys  Were  facili- 
tated by  the  ^6od,  there  being  at  all  times  plenty  of  water  in  the 
canals.  Prospective  settlers,  of  course,  were  kept  away  almost  entirely, 
but  the  inhabitants  of  the  valley  displayed  a  remarkable  confidence 
that  the  trouble  would  be  overcome,  and  business  was  not  affected 
very  seriously.  Indeed,  during  these  very  times,  the  new  arid  inde- 
pendent town  site  of  El  Centre  was  the  scene  of  really  wonderful 
building  activity,  and  the  Helton  Power  Company,  directly  and  in- 
^irectly^  practically  doubled  its  plant  arid  holdings  in  tii€j  vlalley. 

The  effect  of  this  flood,  in  a  geological  way,  was  of  extraordinary 
interest  ■  and  very  spectacular.  In  9  months  the '  runaway  waters  of 
the  Colorado  had  eroded  from  the  New  arid  Alamo  River 'channels 
and  carried  down  into  the  Salton  Sea  a  yardage  almost  fouir  'time6 
as  great  as  that  of' the  entire  Panama  Canal.  The  combined  length 
<>f -the  channels  cut  out  was  almost  43  miles,'  th^aveifcig^  width 'being 
1000  ft.,  and  the  depth  50  ft:  To  this  total  of  from  400  000  000  td 
450000000  cu.  yd.  must  be  added  almost  10%  more  f6r  sidecafioris, 
surface  land  erosions,  etc.  Veiy  rarely,  if  ever  before;  has  it  been 
possible  to  see  a  geological  agency  effect  in  a  few  months  a  ishange 
.which  usually  requires  centuriefe.  ' 

Preparation  for  Diversio;^  yT'oRK. 

All  measures  to  prevent  avoidable  damage  to  the  irrigati<6ri  systeni 
in  the  valley  from  the  flood-waters  having  been  arranged,  operations 
^ere  resumed  on  the  river.    The  bteak  opposite  the  wooden  head-gate 
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liad  been  widened  jduriag  the  flood  from  6Q0  ft.  to  mora  than  i  mile^ 
and  necessitated  work  on  a  far  larger  scale  than  had  ever  been  suteested. 
The  opinions  to  the  contrary  notwit^hstandingy  the  abilitly  to  get  £ock 
in  lar^  quantities  and  rapidly  seemed  to. the  writar  to  b^  ^o: essential^,' 
and  it  was  so  pbvious  that  mnch  better  tranaportation  facilitie3  were 
required,  that  it  was  decided  to  bui|d  a<  braiudi  railroad  from  the 
Southern  Pacific  main  line  at  a  point  7  nEules  west  of-  Yuma  (now 
known  as  H^nlon's  Jun,ction)  to  the  breai^*  . 

The  located  Une  of  the  I^ter-OaliforniaBailro^d;  construetipn  of 
which  had  been,  stopped  by  the. overflow  waters  at  Oooopahj.  rian  onljf 
a  few  hundred  yards  west  of  the  wooden  head-gate  aijd  150  ft.  we^ 
of  the  concrete  head-gate.    This  Inter-California  Eailroad  is  a  Mbju-^ 
can  subsidiary  of  the ;  Southern  Pacific  Company,  and  it  was*  not  diffi- 
cult to,  arrange  a  change  in  its  aligninent  to  cross  the  4-lamo .  where 
the  best  location  for-  the  diversion  dam  could  be  found  and  to  build 
at  once  that  portion  from  the  break  north  to  the  concrete  head-gate. 
Thence  northward  the  permanent  alignment  was  expensive  and  would 
require  considerable  time  to  construct,  therefore  .it  was  deciided  to 
make  a  temporary  connection  of  about  6  000  ft,  from  Hanlon's  Juuq- 
tion  to  the.  concrete  head-gate.     It  was  arranged,  that  the  Southern 
Pacific  should  build  the  entire  branch  line  and  charge  the  total  cost, 
on  a. force  account  basis,  to  the.  C,  D.  Co.,  and  when  later,  if  ever, 
the  Inter-rCalifornia  BaUroad  should  be .  completed,  all  that  portion 
of    the   branch   which    could .  be   incorporated,  with    the   permanent 
alignment  of  the  road  woul4  be  taken  oyer  by  it  at  such  a  figure  as 
it  would  cost  At  that  time.  ,  T^he  stretch,  irom  Hanlon^s  Junction  to 
the  western  line  of  the  lands  of.  the  C*  J)^  Co.  is  in  the  Yuma  Indian 
Keservation,  and,  according  to  the  rules  and  regulations  of  the  Interior 
Department,  it  wou)d  have  taken  some  time  to  acquire  a  right  of  way 
for  this  p9rtion.    As  it  was  feared  that  ^;)ecial  .permission  might  not 
be  quickly  obtainable,  nothing  whatever  was  said,  but  the  line  was 
simply  .built.     Such  a  course  was  deeined  justifiable,  considering  the 
gravity  of  the  situation,  the  necessity  for  haste,  and  the  very  small 
discretionary  powers  given  to  Qovermnent  officials  in  ^uch  cases^    As 
soon  as  the  existence  pf  this  track  was  no  longer  absolutely  vital, 
permission  was .  requested  in  the  usual  way  and  in  due  course  <  was 
obtained..  Con^itruction  of,  this  branch  line  was  begun  on  July  Ist^  and 
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on  August  151^  the  first  train  load  of  materials"  passed  over  it  to  the 
Lower .  Heading. 

Qticmry. — ^The  granite  point  of  rock  on  which  the  concrete  head-gate 
was  founded  seemed  favorable  for  quickly  developing  a  quarry  where  a 
large  quantity  of  rock  might  be  obtained,  and  instructions  were  given 
to  do  the  best  possible  ^dth  it.  The  rock  is  a  second-class  granite,  and. 
before  the  first  closing  was  completed,  a  quarry  had  been  developed 
with  a  600-ft.  face  averaging  40  ft.  in  height.  The  developm^t  of 
this  quarry  and  tr^ck  room  for  outfit  cars,  locomotives,  etc.,  called  for 
the  buildinj^'of  a  large  yard  of  sidings  and  spurs.  This  quarry  was 
entirely  on  C.  D.  Co.  land — ^that  bought  from  Hall  Hanlon  at  the  very 
beginning. 

Clay  Pit. — Between  the  quarry  and  the  Boundary  Line,  and' about  i 
mile  west  of  the  branch  railroad,  there  was  an  opportunity  to  develop 
rapidly  a  clay  pit.  Advantage  was  taken  of  this,  and  by  the 
time  the  fir&t  closing  was  completed,  there  was  a*  steam  shovel  face  600 
ft.  long  and  avera^ng  60  ft.  in  height.  The  clay  in  this  bed  is  ratter 
hard  and  requires  some  blasting,  but  it  melts  down  in  water,  and  when 
mixed  in  about  equal  proportions  with  the  cement  gravel  from  the 
Mammoth  gravel  pit  makes  a  very  impervious  material  for  dam 
construction. 

•  Th^  Mammdtk  Oravel  Ft7.— This  pit  is  on  the  Southern  Pacific 
Eailroad  41.08  miles  west  of  Hanlon's  Junction.  It  had  been  thor- 
oughly disfveloped  at  that  time  and  had  been  used  for  ballasting  the 
mail!  line  for  more  than  100  miles  in  each  direction.  It  is  the  property 
of  the  railroad,  and  th6  material  obtained  there  is  fairly  high'  in  clay, 
the  result  being  essentiially  ia  cementing  gravel,  which  inflkes  the  surface 
of  the  track  almost  impervious.' 

Other  Quarries  Available. — At  Declez,  a  point  on  the  Southern 
Pacific  Railroad  195  miles  west  of  HAhlon's  Junction  arid  4d  miles  east 
of  Los  Angeles,  there  is  a  large,  well-equipped  qua!rry  of  very  good 
granite,  from  which  material  for  the  construction  of  the  breakwater  at 
San  Pedro  Harbor,  19  miles  southwest  of  Los  Angeles,  is  obtained. 
The  outptit  of  this  qtiari^  is  very  large,  the  rock  running  up  to  12  tons. 

iNear  'OgiH>y>  7  miles  west,  a  large  area  is  covered  With  lava  "nigger- 
head"  rock,  essentially  one-  or  two-man  size,  which  had  been  in  part 
denuded  to  furnish  rip-rap  around  the  railroad  bridge  over  the  Colorado 
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at  Yunia.  The  tittc^cs^  however,  had  hem.  torn  up,  and  no  stone  had 
b^n  obtained  iheteiroii[i  in  yeaifs. 

At  TiEicna,  52  miled  east  of  Hanlon'd  Junction,  there  wad  a  qnariy 
formerly  tised  by  the  railroad  btrt'  abandoned  because  the  rock  there*- 
from  was  sinall  and  of  poor  quality. 

At  Patagonia,  on  the  brandi  line  south  from'  Benson  toward 
Nogales,  and  370  mileb  east  of  Hanlon's  Junction,  there  was  a  'well- 
equipped  quarry  controlled  by  the' Southern  PacJifiC;  Its  output  was  a 
reddish  limestone,  considerably  smafll6i^  than  that  at  •  Deelez,  but  yet 
frequently  turning  out '10-ton  rock.    '   .  '       ■ 

These  four  sources' of  supply  coUstituted  the  utmost  possibiiities, 
aside  from  the  quarry  which  might  be  developed  at  Andrade.* 

Brushr-^^y  no  means  air  the  area  contiguous  to  the  Colorado  is 
covered  with  willow  t)rush,  but  it-  occiirs  ih  spots,  often  of  vcfry  large 
extent.  Such  areas  on  the  west  bank  of  the  river  near  the  Edinger 
Dam  had  been  cleared  away,  and  west  of  the  old  Main*  Canal  there  was 
an  old  shallow  lake  which;  though  now  drained,  was  practically  barren. 
All  brush,  therefoTi6,  had  tb  be  obtained  from  the  south  side  of  the 
break,  and  with  an  average  wagon  haul  of  about  1  mile.  The  growths, 
ranging  from  6  to  18  ft.  in  height,  were  ideal'  for  fascines  and  mattress 
work.  Main  and  branch  roads  were  cut  by  Indian  labor 'in  order  to  get 
this  material  to  the  front  rapidly. 

Dredges, — ^The  dipper  dredge,  ii^p^a^  and  the  suction  dWdge,  Btta, 
were  in  reasonably  good  condition,  but  the  former  could  not  be  used 
in  the  sand  bar  left  exposed  in  the  bottom  of  the  break  when  the  waters 
receded,  because  the  material  slipped  down  to  such  a  flat  slope  that  it 
would  have  imprisoned  the  craft.  After  doing  all  it  could  in  the  by- 
pass and  more  solid  ground,  it  was 'started' to  deepening  the  old  Main 
Canal  toward  Algodohes.  Dams  were  built  behind  it  from  time  to  time, 
and  water  was  pumped  into  the  canal  at  the  upper  intake  to  keep  the 
machine  afloat.  The  quantity  of  water  required  indicated  a  sur- 
prisingly small  seepage  loss  from  this  old  canal  into  the  surrounding 
country,  arid  this  is  in  accord  with  the  unexpected  experience  with  the 
coffer-dams  of  the  \^ooden  and  concrete  head-gates. 

Steamers  and  Barges. — ^During  the  latter  part  of  1905  the  Mexican 
Co.  purchased  the  steamer.  Searchlight,  91  ft.  long,  18  ft.  wide,  and 

*  Andrade  is  the  name  of  the  Inter-California  raib*oad  station  on  the  American  side  of 
the  Boundary  Line,  Algodones  being  on  the  Mdzioan  side. 
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drarwing,  without  load,  18  in.  of  water.-  It  bad  almrge,  about  55 
ft.  long  and  25  ft.  wide,  on  which  most  of  its  load  was  oairiedL  The 
steamer,  Cocha/n,  135  ft.  long  and  31  ft:  wide;  the  largest  on  the 
river,  belonged  to  Ynnna  parties,  =  and  ad  .it  had  b^en  lel^aed  by  J.  G. 
White  and  Company  for  hauling  materials  and  Supplies-  to  the  I#aguna 
Weir,  it  was  xiot  available.  There  was  another  steamer  on  the  river, 
the  SL  ViiUiers^  75  ft.  long;  which  was  a  little  smaller  than  the  Search- 
light and  in  very  poor  conditipn. . :  In  addition  to  these  there  was  the 
barge  Silas  J.  Lewis,  116  ft*  long  fmd  35  ft.  wide,  which  was  £tted  with 
a  donkey  engine  with  which  it  pulled  itself  up' stream.  This  barge  was 
rented  for  $15  per  day,  and  its  deck  was  cleared  for  mattress  weav- 
ing. .    .      -..;-/      . 

Grading  Out  fits, -r-^The  Southern  District  of  the  Southern  Pacific 
Company — ^from  Santa  Barbara  and  Fresno,  Cal.,  to.El  Paso,  Tex. — 
has  enough  reconstruction  and  betterment,  work  to  k^p  two  or  three 
grading  contractors'  outfits  at  work  except  during  the  very  hot  season. 
An  arrangemei;it  was  made  with. one  of  these;  Shattuck  and.  Desmond, 
to  supply  an  outfit  on  the  force  account  schedule  paid  by  the.  railroad, 
with  provisions  for  the  payment  of  all  duties  and  for  all  stock  dying 
from  heat.  Jhis  firm  scjcured,  fed,  and  housed  its  own  laborers. 
Inasmucpi.  as.: there  was  no  veiy  definite  plan  sts  to  the. work  which 
would  be  required,  no  contracts  were  feasible,,  hence  the  force,  ac- 
count arrangement.  At  one  time  about  80^  head  of  this  firm's  stock, 
with  complete  camp  equipment,  Fresno  scrapers,  plows,  etc.j  were 
on  the  work.. 

Materials  and  Stores.— rArxangements  w^re  made  with  the  Southern 
Pacific  for  equipment,  mate? ials^  and  stores,  on  the.  basis  of  cost  plus 
10%,  and  for  freight  charges  of  0.5  cent  per,  ton^mile,  until  the  pro- 
visions of  the  ..  Interstate  Commerce  Commission  .  prohibiting  such 
freight  arrangement  went  into  effect.  Two  steam  shovels  were  brought 
in  for  quarry  work  and  one  for  the  clay  pit.  Complete  work  trains 
were  requisitioned  from  time  to  time  until  a  maximum  of  ten  was 
reached.  A  roundhouse  foreman  and  an  assistant  master  car  repairer 
were  sent  by  the  railroad  company,  and  temporary,  but  eSectiye,  plants 
were  installed  at  Andrade.  Three  carloads  of  repair,  parts  and  stores 
for  engine,  car  and  air-brake  repairs  were  sent  out,  used  from,  and 
returned  when  the  work  ended.  All  requisition  blanks,  rules,  and  other 
organization  methods  of  the  railroad  were  continued. 
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When  the  Southern-  P«ei£c  built  the  Lucin  Cut-off,  consisting  of 
a  long  trestle  bridge  and  an  inunense  fill  across  Great  Salt  Lake,  in 
Utah,  thgere.were  bought  a  large  number  of  steel  side-diunp  ears,  of 
45  cu*  yd.  eapaeity*  locally,  known  as  "battleships,"  weighing .  appro:!^- 
imately  20  tgois,  and  having  a  capacity. of  XOOOOO  lb.  \^ith  a  permissible 
10%  overload.  Tl^^e.^ayp.  were,  frequently  loaded  to  125000  lb.  on 
this'Work>  as  the  trip  between;  the  Andrade  quarry  and  the  break  did 
not  exoeed  4  miles-. .  At  first  80- of  these  .cars  were  seQured,  Md  more 
and  more  wefe  sent  until  about ;  300- w^re  finally  in  service.  Such  a 
quantity  of  railroad  equipment  necessitated  rather  extensive  terminal 
facilities,  and  thi^se  were  ^?ovided  on  the  Anp^rican  side  of  the  line 
becaus^:  Of  th^  euistoms  regulations  of  the.. Mexican  Qovernment. 

The  railroad  from  Harildn's  Junction  to  the  Ix)wer  HeadiQg,  the 
quarry,  cliay  pit,  steam  shovels,  etc.,  were  under  Mr.  Enlogio  Carrillo, 
Assistant  Engineer  of  the  Southern.  Pacific  Oonstmction  Department^ 
from  June  Ist,  1906,  to  July  Slst,  1907>  as- a  superintendent  of  the 
C.  D.  Co.,  from  which  he  received  his:'  salary,  the  jailrbad,  giving  him 
leave  of  absence  .for  that  period.  All  the  men  under  his  diieetiori, 
however,  were  carried  on  the  Southern  Pacific  payrolls,  and  bills : were 
rendered  later:  by  that  corporation  to  cover  this  expenditure. 

There  were  two  reatebns  for  having:  the  railroad  company  supply  so 
great  a  qilantity  of  labor,  equipment,  materials,  and  supplies*  First, 
it  afforded:  an  opportunity  to  assemble  quickly  a  thoroughly  organized 
and  efficient  force  of  men;  the  advantage  of  obtaining  materials . and 
supplies  at  low  prices  by  the  purchasing  department  of  the  Harriman 
systans;  immediate  shipnasent  of  repair  parts  not  kept  on- hand,  thus 
reducing  ddni^s  to  the  minimom;'  and  the  ability  to  increase-  or  de- 
crease rapidly  the  force,  and .  equipment  without  confusion.  The  sec- 
ond reason- was  that  no  immediffiCe  cafeh  was  required,  and.as  biljsof  all 
kinds  were  not  usually  presented  and  approved  in  less  than  about  6 
months,  appriaiximately  3%' in  interest  was  saved.  All  bills  were  ren- 
dered at  actual' cost  :phis:  10%,  .which  thus  meant- really  cost-plus  7% — 
a  very  low  figure  for  superintendence,' etc.     *V    .   •    . 

Whenever  any  train-,  jequipmentj-  or  •  men.  left,  the  main  line  and 
came. on  the  branda  line  they  i»pbrted.  to  and  were  under  the. jurisdic- 
tion, of  Mr*  CarrillDj  who  in  turn  repotted  to  ebid  was  under  the  sole 
jurisdiction  of  the  writer.  In  this  way  no  misuuderStanding  arose, 
and. the  entire  force  obeyed  instructions  as. quickly  and  fully  as  though 
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there  were  absolutely  no  connection  betw-ei^n*  them  anS  the  Southern 
Pacific  •  .-.• 

Storehouse  at  Lower  Heading,— Duty  had  to  be  p&id  On  everything 
taken,  into  Mexico,  but,  nevertheless,  a  very  complete  storehouse  of 
repair  parts,  small  tools,  etc.,  was  established  at  thfe  Low^r  Heading. 
No  requisition  system  was  put  in,  however,'  because  it  was  felt  that 
the  losses  which  would  thus  occur  would  amount  to  much  less  than  the 
delay  due  to  any  form  of  red  tape,  whatso^veir^  .Everything  reiceived 
was  charged  to  the  woj*k,  and  at  its  (ylosing  down  an  inventory  wa« 
made  and  the  work  was  credited  with  the  value,  of  the  mittteHal  left. 

'  Clifhatic  -Oonditiorisj^Yrimi  about  June  1st  to  the*  middle  of  Sep- 
tember or  October  1st,' the  temperature  of  this  region  is  so  high  that 
until  10  years  ago  it  was  not  considered  advisable  to  continue  largfe*  con- 
struction work  dutdng  that  season.  There  can  be  no  doubt  l^at 
ordinary  labor  is  only  from  one-third  to- two-thirds  as  efficient  in  such 
heat,  and  during  this  particular  year  the  general  average  seemed  to  be 
about  one-half.  Therd  is  little  wind  during-  this  period,  and-  the 
humidity  is  ordinarily  very  low,  though  occasionally  it:  is-  quite  high 
for  periods  of  two  or  three  days. 

Mosquitoes  are  frequently  a  terrible,  pest,  very  often  deriving  even 
cattle  out  of  regions'  near  stagnant  water.  :  There  is  relatively,  little 
vegetation  about  Andriade,  and  at  the  Lower  Heading  a  large  camp 
compound  was  entirely  cleared  an<l  the  stagnant  pools  in  the  vicinity 
.drained  at  a  slight  cost,  so  th^t  the  mosquitoes,  while  annoying,  were 
■by  no  means  serious. 

Brush. and  arrow  weed  growths  are  so  dense  that  white  nc^n,  no  J^aat- 
ter  how  well  acclimated,  cannot  work  very:  hard,  in  cutting  th^n  down. 
Men  from  the  central  part  of  Mexico  were  imported,  but  they  could 
stand  it  little  better*  Indian  labor  is  the  only  kind  fotr/that  sort  of 
work.  ■      ■    ■  ■  .■.:,■ 

Labor  Goriditions. — The  work  of  rehabilitating.  San  :Fr€|nciseo  after 
its  disastrous  conflagration  drew  there  an  immense  amount  of  shifting 
labor.  To  the  south  Los  Angeles  was  growing  in  every  direction.  The 
Harriman  Lines,  under  President  Bandolph,  was  employing  .  large 
numbers  of  men  constructing  the  West  Coast  Eailroad  from  Guaymas 
toward  Mazatlan  and  Guadalajarai  Much  betterment  work  was  in 
progress  on  the  lines  from  Los  Angeles  to  EI  Paso,  and  large  forces 
were  required  for  building  ^^shooflies"  and  shifting  track  along  the 
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Salton  Sea*  J.  G.  White,  and  Coni^aiiy  was  rushing'  work  on  the 
Lagruna  Weir,  and  the  BeolamaliM>n>  Service*  was  building  the  Eooaevdlt 
Dam  near  Pho^iz.  Thus  the  labor  situation  in  California  as  a  whole, 
aaid  in  this  ■  part  of  Galifomia  in  particular,,  was  acute.  The  -immi- 
gration laws  oi  the  IJmted  States  preveated  the  importation  of  Mex- 
icans, except  in  a  Very  small  way,  btit  here  the  work  was  in  Mexico. 
It  was  decided/  therefore,  to  obtain  laborers  from  Central  Mexico,  ^ip 
them  from  El  Paso  to  Yuma  in  bond,  and  back  into  Mexico  at  the 
Lower  Heading.  Arrangements  were  made  with  the  Labor  Agent 
for  the  Southern  Pacific,  Southern  District,  Mr.  Ben  Heney,  of  Tucson, 
to  ship  500  men.  This  plan  was  an  utter  failure,  for  two  reasons. 
The  Mexican  officials  did  their  best'  to  prevent  Mr.  Honey's  agents 
from  getting  men  started,  and  the  75  men  who  arrived  were  unable 
to  stand  the  climate. 

Attention  was  then  turned  toward  getting  Indians  in  large  num- 
bers,'and  arrangements  were  made  with  Mr.  C.  E.  Dagenette>  United 
States-  Indian  Outing  Agent,  with*  t^e  result  that,  by  the  time  work 
was  in  full  swing,  practically  all  the  men,  women^  and  children  of  six 
India(n  tribes  were  on  the  work-r-the  Pimas,.  Papagoes,  Maricorpas,  and 
Yumas,  from  Arizona ;  and  the.  Cocopahs-  and  Dieguenoe,  from  Mexico. 
.These  six  tribes. fraternized  and' got  along,  together  without  any  diffi- 
tsulties  whatever>  and  eonstituted  a  separate  cainp  of  abxmt  2  000  i)eople. 
About  400  workmen  odiddbis  depended  on  fromtbis  eoUeotion,  They 
were  paid  20' cents  an  hour,  and  every  9  men  receiyedin  ^dilion  one 
man's  pay  to  go  to  a  squaw  for  cooking  tiieir  food.  The  Indians 
-bought  th^ir  own -supplies^  and- to  avoid  duty,  built  their  camps  on  the 
Arizona  bank,  crossing;  th^  dry  channel  below  the  break  to  aqd  from  work. 

Indian  labor  was  very  satisfactory,  and^  indeed,  just  what  other 
arrangement .  could  have  been  made  is  very  problematical.  Under  in- 
telligent foremen  who  understand  their  :pteuliarities,  chief  of  which 
is  lack  of  assurance  and  consequent  timidity  in  going  ahead  with 
work,  they  are  quite  satisfactory.  They  must  be  paid  weekly,  and 
very  fcfW  can  ever  be  induced  to  work  on  Sundfiiy  or  to  put  in  over- 
time, r^ardless  of  how.  critical  the  stage  of  work  may  be  when  the 
whistle  blows. 

Very  fortunately,  indeied>  an  unexpectedly  large  amount  of  float- 
ing labor  came  in  from  every  part  of  the  United  States^  men  who  are 
attracted  to  any  work  which  has  achieved  notoriety  for  any  reason. 
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( 

Once  on  the  groond  these  men  did  not  work  any  great  length  of  time. 
A.  work  train  ran  into  Yuma  erery^  night  for'  provisions  and  suppiied, 
returning  early  in  the  morning;,,  and '  it  always*  carried  a '  couBiderable 
niunber  of  cheerful  capitaiists  out.  and  sadder  and.  wiser  men  in. 
Yuma  at  that  time  was  ^^wide  open/'  wit^  all  sorts  of  lures  which  few 
of  these  floaters  could  resist.  To  idiat  ext^it  the  work  would  have 
suffered  had  Yuma  then  been  a  elosed  town,  as  it  is  now,  is  a  question. 
The  general  waiges  paid  were  j    • 

*  .  .  ,  •.  ...  .«•'•• 

File-driver  foreman , 50  cents  per  hour.  . 

•  •    .  ,  "  .        ' .       •  •  "  .'.•■'""• 

Pile-driver  donkey  runner 43 J    .  "       "       " 

II.  •',',■  ,      .  ■' . 

Good  pile-driver  helpers. ....  .31i  to  37i       "       "    ,  "  ., 

Ordinary  labor.... ............ 27J  to  30      "       "       '' 

Work  from  8  to  10  hours  per  day. 

Board  deduction,  $22.60  per  month. 

•    •   •  .'.   .     .  '  '  *  '    .    ■ 

Commisearff  a/nd  Camp  'PlaHs, — The  usual  outfit  caxs  were  provided 
for  all  men  carried  on  the  rolls  of  llie  railroad,  and  many  were  boarded 
in  l^e  dining  carsy  which  were  a  part  of  Mr.  Carrillo's  permanent  con- 
'Structiom  outfit..  The  remainder  of  the  men  were  boarded  by  Mr,  M. 
0.  Threlkeld,  of  San  Francisco,  who  had  and  still  has  a  contract  wiiii 
the  raibroad  to  board  all  gangs  engaged  in  maintenance. of  way  and 
betterment  work: on  its  lines.  Mr.  Threlkeld  took  an  essentially  similar 
contract  for  feeding  the  white  laborers' of  thie  O.  D*  Co.»  the  first  contract 
being  for  25  cents- per  meal  in  the  United  Statea  and  40  cents  in  Mexico, 
the  contractor  to  pay  all  customs '  duties '  on  material  and<  «upplaes. 
After  tlie  second  bre&k^  and  when  the  work  was  continued  at  President 
Roosevelt^s  request,  it  was  deemed  probable  that  the  Mexican  Govern- 
ment would  refund  duties  on  provisions  thereafter,  so  that  the  con- 
tract was  changed  on  January  1st,  1907,  to  25;  cents  per  meal,  t^ 
Mexican  Co.  to  pay  the  duties.  This  contract  covered  mealfe  for. all 
white  laborers;  including  men  ob  dredges j  on  the  steamer  Searchlighi, 
etc.,  and  gave  Mr.  Threlkeld. the  exclusive  selling  of  clotiiing,  tobacco, 
notions,  etc.,  to  the  laborers.  The- Indians  bought  rdatively  little  from 
him,  howevfer,.  preferring  to  deal  with  Yuma  merchants  wilii  whom  the 
local  Indians  were  very  well  acquainted. 

Excellent  board  for  the  men  was  insisted  on.  and  furnished.  It  was 
believed  that  good  board,  espedially  with  lots  of  fresh  vegetables,'  would 
be  a  large  factor.in  keeping  men  on  the  work^  iand  this  was: found  to 
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be  the  <;aae.  Large  numbers  of  mosquitoes  were  f eaiied,  in  spite  of 
pieoautions  taken^.so  bunk  bouses  were  built,  with  bnisb  ramada  roofs, 
and  carefully  and  effectively  screened  all  round.  These  precautions  were 
not  exactly  necessaty,  but  were  nevertheless  well  worth  their  cost. 

Polidftg-'of  Gatnpe, — ^The  many  different  classes  of  laborers  on  the 
same  jo^  add  under  Mexican  laws  made  it  essential  to  have  effective 
police  arrangemeilts^and  bar  liquor  from  the  camp  absolutely.  The 
Yuma  Indian  Reservation  extends  to  the  line,  and,  in  addition  was  then 
and  uiitil  1908,  a  part  of  San  Diego  County,  and  a  ^^dry^'  region.  Across 
the  river  in  Arizona  is  "wet/'  but  the  United  States  laws  against  selling 
liquor  to  Indians^ar^  rigorously  enforced.  In  LoWer  California,  how- 
ever, ihe  idea' of 'liquor  control  has  not  even  germinated,  and  it 
was  necessary  to  promise  to  prevent*  American  Indians'  from  getting 
liquor  in  Mexico  before  permission  <^ould  be  obtained  to  take  them  out 
of  the  United  States^--and  this '  was  quite  proper.  Accordingly, 
arrangements  were  made  with  the  'Mexican  authoritite  to'  put  the  entire 
region  under  martial  law,  and  send  a  force  of  rurales  with  a  military 
commandaht  at  their  head  to  police  the  camps.  This  proted  extremely 
efficient  and  satisfactory,  and  there  wias  absolutely  no  disorder  at  any 
time.  ■'■'•.■■  •  •    ■' 

Cvsioms  and  Dwiw*.'— Except  for  the  operations  of  the  0.  D.  Co., 
there  was  no  development  in  Mexico  along  ihe  river;  therefore,  until 
1908,  the  nearest  custom  house  in  Lower  California  was  at  Mexicali. 
A  garrita  was  maintained  at  Algodones,  however,  where  material  go- 
ing down  the  river  to  land  in  Mexico  was  passed.  During  the  construe* 
tion  of  the  Edinger  Dam,  all  camps  and  supplies  were  kept  on  Disaster 
Island  in  the  middle  of  the  river,  so  that  tiiere  were  no  customs  charge. 
When  the  constructibn  of  the  wooden  head-gate  was  begun,  endeavors 
were  made  to  get  the  Mexican  Gk)vemtnent  to  establish  a  customs  office 
at  Algodones  ■  temporarily,  but  without  success*  Accordingly,  all  bills 
of  material  to  be  passed  had  to  be  sent  to  the  custom  house  in  Mexi^ 
cali;  there  the  charges  were  assessed,  and  the  manifest  was-  returned 
to  Algodones  before  the  goods  could  be  taken  over,  which  was  very 
cumbersome -and  slow. 

Another  method  of  getting  goods  acn)S8  the  line  was  taken  advan- 
tage df^  namely,  by  boletas.  The  Mexican  Government  permits  each 
individual,  cm  payment  of  duties,  daily  to  takcacroas  $20  (Mexican) 
worth  of  dutiable  stuff  without  manifest,  and  the  authorities  agl*eed  to 
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permit  goods  to  be  passed  at  the  Algodones  garrita  by^ihis  boleta 
Breihod,  having- individual  employees  of  the  company  siggm  the.  boletas. 
In  this  way  emergenoy  stuff  was  passed. 

Under  the  coneessioii  of  tiie  Mexican  Co.,  maQhinery  and  materials 
for  permanent  construction  was  to  be  admitted  ;(vith6ut^duty>  but  the 
intention  of  this  provision  was. plainly,  for > the  company;  to  make  out 
a  list  of  what  would  be  required  once  for  aU^  and: that  such. freedom 
from  duties  would  apply  to  the  original  entry  oj  the  maehia^ry^and 
material,:  and  not  to  subsequent  repair  patts,  etc.  .Obviously;  it  did  not 
contemplate  tjie  refund  of.  customs  charges  in  asacAi  a  casQ  as  closing 
the  crevasse.  Nevertheless,  it  seemed  probable  tha4;.the'CUStoina  charges 
for  material  and  supplies  other  than  provisions; would  be  irefui;tded9 
because  the  Mexican  :Governm0nt:  itself  was  vitajly  inter^ted  in  stop^ 
ping  the  brisak.  Tentative  negotiations  toward  this  lend  were  started^ 
but  the  procedure. fo;r  securing  such,  permission  is  a  long.! one,  and  it 
was  advised  that,  the  work,  be  prosecuted  and  the  request  for  refund 
madiB  after. its  completion.  It  was  also,  made  plain  that,  no  refund 
would  be.  given  for  duties  on  provisions,  as  it  was.  .impossible- to  deter- 
mine that  the:  provisions  passed  were  all  actuaUjr  usiedon.the  work* 
When  the  work  was  completed  a  request  for  a  refund  was  made,,  and, 
on  President  Diaz's  recommendation,  the  National  Cdngress,  by  vote, 
refunded  approximately  75%  of  all  duties  paid,  amounting  to  more  than 
$40  000.  M  -  .,    ..  ; 

The  chief  objection^  therefore*  was  the  red. tape  involved  in  passing 
goods,  and  th^.  delays  .which,  follow^  any  slight  technical  mistake  in 
classification  As  an  illustration:  an  inspector  investigated  the  cus^ 
toms  transactions  of  the  period. about  a  year  later,  and  assessed  a  fine 
against  the  company  for  $3  QOQ  for  utilizing  the  boteta  •  method  of 
passing,  emergency  materials  and  supplies.  On  proper  presentation  of 
the  facts,  however,  this  fine  was  remitted.  Stock  with  harness  and 
grading  equipment  was  permitted  to  be  passed  into  M^ico  under  bond 
for  a  period  of  6  months,  as  also  was  machinery,  which  provision 
assisted  veiygrea.tjy  in  th^.work.     , 

All  payrolls,  time  checks,  receipts,  and  legal  papers  require  stiunps 
to  be  affixed  and  cancelled,  inspectors  from  time  to  time  visiting  all 
corporations  and  diecking  the  books^  If  any  irregularities  are  found 
in:;the  books  or  papers  for  the  6  months  immediately  precedingy  such 
inspector  is.  tjien  permitted  to  go  back  to  the  period  of  6  months  innne* 
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diately.  pieoedingthat,  etc  If,  however;  everything  ia  regular  for  the 
fiist  6  miohths  preceding,  tb«t  operates 'to  prohibit  inspection  prior  to 
that  titne.  '  These  inspectors  get  a  considerable  percentage  of  fines 
assessed  and  collected,  and  are  consequently  quite  zealous,  so  that  it  is 
profitable  to  obey  the  stamp  law  scrupulously. 

Necessity  for  Mexican  Corpordiion  Doing  Work, — On  taking 
charge  of  the  affairs  of  the  Mexican  Co.,  the  writer  found  that  up 
to  that  time  work  done  in  Mexico  had  been  paid  for  on  the  American 
side  of  the  line  through  the  C.  D.  Co.,  and  in  this  way  no  Mexican 
stamps  were  required  for  payrolls,  time  checks,  etc.  In  olher  words, 
the'C.  D.  Co.  had  its  forces  go  over  into  Mexico  and  do  wbrk  on  the 
canals  of  the  Mexican  Co.  directly.  As  this  wa6  obviously  contrary 
to  the  spirit  of  the  Mexican  laws  otL  the  subject,  arrangements  were 
made  at  once  whereby  the  Mexican  Co.  did  all  work  in  Mexico  and 
billed  the  C.  D.  Co.  therefor  at  actual  cost,  the  C.  D.  Co.  turning 
over  all  materials  and  supplies  required  on  the  Mexican  side  of  the 
Line  at  its  expense. 

Mr.  A.  F.  Andrade,  now  Depositario  for  the  Mexican  Co.,  knd  As- 
sistant  General  Munager  of  the  Inter-California,  was  made  General 
Agent  of  the  Mexican  Co.,  aiid  was  in  charge  of  all  negotiations 
between  that  corpbration  and  the  Mexican  Government,  and  to  his 
tact,  energy,  and  ability  is  attributed  the  relatively  small  amount  of 
irritation  and  delay  encountered. 

Occasionally,  rules  and  regulations  had  to  be  disregarded,  and  this 
was  done  when  it  was  deemed  quite  necessary,  knowing  that  the  local 
officers  would  report  such  infractions  of  the  laws,  but  that  the  higher 
officials  would  view  such  infractions  very  sensibly  when  sooner  or  later 
brought  to  their  notice  with  full  explanations.  For  example,  before 
permission  was  given  to  run  trains  into  and  out  of  Mexico  after 
dark,  a  serious  situation  developed  just  at  sundown,  immediately  re- 
quiring rock  at  the  Lower  Heading,  and  the  Mexican  officials  at  the 
Bo.undary  Line  would  not  permit  trains  to  pass.  Their  protests  were 
disregarded^  for  while  the  officials  under  the  circumstances  could  not 
act  otherwise,  it  would  have  been  folly  not  to  have  disregarded  their 
orders,,  considering  the  urgency  of  the  matter.  Proper  e^lanations 
were  at  once  made,  and  the  company  was  not  criticized  in  any. way 
for  the  action. 
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Difficulties  in  doing  work  in  Mexico  are  liirgely  due  to  ignorance  of 
Mexican  conditions,  customs  laws,  and  personal  characteristics,  and 
doubtless  are  no  greater  than  a  Mexican  would  encoui^ter  i».  idoing 
work  in  the  United  States.  It  is  very  desirable  for  the  highest  officer 
in  charge  of  work  to  speak  Spanish  well,  as  minor  Mexican  (officials 
are  far  more  impressed  with  a  statement  coming  from  him  than. from 
any  subordinate  officer.  . 

Methods  of  Diversion  of  River  Through  Rockwood  feEAD-GXTE. 

r  r 

•      .  * 

The  triangular  space  between  the  two .  faces  of  the  A*f rame  and 
the  horizontal  cross-bracing  of  the  wooden  head-g^ate  was  me^de  into 
a  long  pyramid. by  flooring  the  bottom  and  sides,  wjiich  was  filled  with 
sand  takep  in  by  wheel-barrows,  in  order  to  .^ive  additional  weight  to  the 
gate  in  resisting  the  buoyant  effect  of  the  water.     ... 

By  August  6th  the  di?charge  of  the  river  had  fallen  to  24  500 
sec-ft.,  and  directly  beside  the  Rockwood  Head-gate  tbe  receding 
waters  had  exposed  sand  bars  on  each  side  of  the  main  channel — ^the 
situation  being  as  represented  by  Fig,  23»  When:  thefse  sand  bars  had 
dried  sufficiently,  teams  were  used  in  throwing  up  fin  embankment  on 
the  line  of  the  diversion  dam.  Brush  jetties  were  also  used  to. nar- 
row the  channel,  the  Beta  assisting.  In  a  little  more  than  a  week  t^he 
Stream  was  narrowed  to  600  ft,,  the  river  gradually  falling.  Work 
was  then  begun  on  weaving  a  brush,  mattress,  100 ,  ft.  wide  up  and 
down  stream,  and  sinking  it  on  the  bottom,  of  the  river.  The  decks 
of  the  barge,  Silas  J,  Lewis,  were  cleared  and  skids  were  rigged 
thereon;  i-in.  steel  cables,  8  ft.  apart,  were  anchored  to  "dead  men*^ 
in  the  north  bank  and  unwound  from  spools  beneath  the  skids,  such 
cables,  constituting  the  longitudinal  strength  of  the  mattress;  and  to 
these  were  fastened  brush  fascines  averaging  18  in.  in  diameter  and 
100  ft.  in  length.  These  fascines  were  built  up  between  vertical  pins  at 
the  upper  end  of  the  skids  and  bound  with  baling  wire,  and  as  they 
were  completed  they  were  pushed  down  to  the  last  one  iti  the  mattress 
and  sewed  to  it  and  to  the  supporting  cables  with  I -in.,  9-strattd, 
galvanized-irori  cable  and  cable  clamps.  Fig.  30  shows  the  method 
of  sewing  and  fastening.  When  a  length  of  mattress  equal  to  the 
width  of  the  barge  was  completed,  the  barge  was  slowly  piillM  froin* 
under  it,  and  it  caught  the  silt  and  at  once  settled  heavily  to  the 
bottom.     No  kind  of  weighting  whatsoever  was  required.     Another 
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bar^  width  -of  mattress  was  then  woven  and  sunk,  and  so  on.  Pigs. 
30'  and  31  show  the  method  of  constmcting  the  mattress  and  the 
number  of  men  "employed. 

It  required  20  *  Working  days,  with  •  two  shifts,  to  weave  and  sink 
two  mattresses,  one  on  top  of  the  other,  across  the  bed  of  the  stream, 
or  a  total  of  1  300  ft.;  thus  the  average  rate  was  65  lin.  ft.  or  6  500  sq. 
ft.  daily.  The'  work  went  ahead  without  interruption  or  difficulty  ex- 
cept that  once  the  anchor  lines  controlling' the  barge  were  not  handled 
with  sufficient  care  and  the  first  layer  of  mattress  was  not  sunk  across 
in  a  straight  line,  but  curved  down  stream  in  the  middle  perhaps  20 
ft.  at  the  maximum  jwint.    This,  however,  was  not  important. 

The  prevailing  idea  as  to  the  necessity  for  such  bottom  protection 
in  the  river  may  be  better  realized  from  the  fact  that  several  en- 
gineers with  the  longest  experience  on  the  river  joined  in  urging  that 
a  solid  canvas  back  be  sewed  on  the  under  side  of  the  mattress^  It 
was  feared  that  the  water  might  start  a  wash  through  a  break  in  the 
mattress,  tha(t  such  a  stream  would  carry  the  sand  from  below,  cause 
a  depression  for  the  mattress  to  span,  and  result  in  breaking  it  when 
weight  ^should  be  put  on  above.  This,  Jiowever,.  was  deemed  un- 
necessary. 

While  the  mattress  work  was  being  completed,,  a  4'pile!  railroad 
trestle  with  10-ft.  bents  was  started  across  the  center  line  of  this 
foundation^  decked,  and  a  railroad  track  built  thereon*  This  trestle 
was  driven  from  both  ends,  and  was  ready  for  the  passage  of.  trains 
on  September  14th,  6  days  after  the  completion  of  the  mattress.  In 
the  mean  time,  the  earthwork  across  the  iLorth  sand  bar  had  progressed 
sufficiently  to  connect  the  rails,  so  that  trains  could  run  out  on  the 
trestle.  On' the  south  side,  the  jetty  work  and  the  Beta  had  built  up  a 
sand  bar  on  which  a  frame  trestle  on  mud-sills  was  erected,  connecting 
the  earth  embankment  on  the  south  sand  bar  to  the  trestle,  thus 
affording  tail  room  for  trains.  This  frame  trestle  was  filled  in  with 
material  from*  the  clay  pit  at  Andrade. 

At  this  stage,  brush  fascines  were  put  in  between  the  bents  of  the 
trestle  over  the  channel,  laid  longitudinally  with  the  stream,  and 
sunk  by  rock  from  the -quarry  at  Andrade.  The  rock,  was  Loaded 
intO'  ^Ibattleships^'  with  a  steam  shovel,  hauled  down,  and  dumped  from 
the  trestite,  Iq  this  way  a  difference  of  6  ft.  in  water  -elevation  above 
and  below  this  diversion  dam*  was  attained  tnth  no  difficulty  whatsoever. 
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Meanwhile  the  foy^pass  in  which  the  RockwcMxl' head-gatQ  Btood  was 
being  enlarged  in  several  ways.  The  Alphfk  haidcnt'  a  small. x^bann^l 
from  the  crevasse  to  the  gate  from  above  anid  {rom-below,  through  the 
solid  ground,  and  the  Beta  had  enlarged  these  cuts  until  it  was  taken 
over  to  assist  in  the  jetty  work  on  the  south  side  of : the  xjver.  A  small 
ditch  was  cut  with  teams  and  scrapers  across  the  sand,  bar,  as  an 
extension  of  the  down-stream  end  of  th^  by-pass.  This. channel  was 
excavated  to  the  water-table,  with  Fresno  scrapers,  and  made  as  narrow 
as  possible,  reliance  being  placed  on  enlarging  it  by  the  erosioia  of 
the  water.  In  two  or  three  places  adobe  deposits  of  considerable 
extent  were  found,and  in  these  dynamUe  was  us^,as  already  explained. 

The  steamer,  Searchlight,  was  anchored  in  the  upper  by-pass  for 
two  or  three  days  with  its  rear  end  against  the  bank  and  the  stem 
wheel  kept  going  as  fast  as  possible.  This  greatly  hurried  the  erosion. 
The  increasing,  head  on  the  diversion  dam  aided  those  methods  of 
enlarging  •  the  capacity  of  the  by-i)ass  until  on  October  10th  only 
about  1 450  sec-ft.  of  the  river's  total  discharge  of  14  300  sec-ft.  was 
not  going  through  the  gate. 

The  alignment  of  the' J)y-pa8s  was  unfortunate,  as  it  had  Quite  a 
sharp  curve,  and  the  upper  end  left  the  river  at  a  sharp  angle.  At 
this  point  cutting  b0gan,  and  to  prevent  it  a  small  brush  mattress  was 
woven  and  \^ighted  down  with  rock. 

It  was  soon  -seen  that,  with  the  4-ft.  openings  between  lihem,  the 
A'frames  of  the  gate  caught  the  drift  in  the  water  very  badly.  An- 
ticipating this,  cables  had  been  stretched  across  the  entrance  of  the 
by-pass  aild  fitted  with '  grab-hooks,  like  fish  hooks  on  a  trout  line. 
These  grab-hooks  were  of  § -in.  wrought  iron  fastened  •  with  froiti  6- 
to  8-ft.  lengths  of  sewing  cable  to  the  cable  spans  at  intervals  of  about 
8  ft.  It  was  hoped  that  these  would  catch  drift  where  it  could  easily 
be  removed,  and  prevent  trouble  at  the  gate.  However,  they  did  very 
little  good.  . 

When  the  current  through  the  gate  increased  to  6  or  8'  ft.  per 
sec.,  a  scour  developed  both  above  and  below.  Soundings  showed 
that  the  scour  below  the  gate  was  not  at  all  serious,  but  was  really 
far  less  than  had  been  anticipated.  The.  eddies  at  tb^  ends  of  the 
gate  caused  side-cutting,  ast  is  always  the  cade,  but  really  nothiBg 
alarming..  The  scour  above  the  gate,  however,  was  surprisisi^iy  great; 
some  was  expected,  but  liot  nearly  as  much  as>  occurred. '  Brush  and 


IRRIGATION  AND  RIVER  CONTROL,  COLORADO  RIVER  1341 

rock  extension  of  the  apron-,  as  shown  on  th^  plans,  had  not  been  put 
in  as  it  had  been  the  intention  to  use  rock  from  Andrade  in  lieu 
thereof.  When  soundings,  which  were  taken  frequently,  showed  that 
the  by-pass  bed  was  eroded  to  the  level  of  the  floor  of  the  gate,  approxi- 
mately 1 000  cu.  yd.  of  rock  were  loaded  on  a  barge  which  was  swung 
in  front  of  the  gate  and  held  by  cables  until  unloaded. 

Failure  of  Wooden  Head-Gate. 

On  October  Bd  a  serious  settlement  of  the  earth  filling  in  th^ 
north  abutment  suddenly  occurred;  Excavation  was  at  once  made  to 
ascertain  the  cause,  and  some  small  leaks  in  the  end  wall  on  the 
up-stream  side  of  the  A-frame  were  found.  These  were  stopped  up, 
and  the  earth  was  leveled  to  only  a  few  feet  above  the  water  surface 
on  the  outside.  Two  days  later  the  lower  wing-wall  in  this  same 
abutment  spread  out  at  the  bottom  on  the  west  side.  The  gate  itself 
buckled  up  about  0.3  ft.,  about  one-third  of  its  length  from  the  abut- 
ment, such  buckling  apparently  occurring  very  slowly  within  24  hours, 
ending  on  October  5th.  These  signs  of  weakness  were  accompanied 
by  the  tearing  up  of  the  up-stream  apron  fti  relatively  small  sections, 
which  were  at  once  thrown  against  the  A-'frames  by  the  current.  With 
great  difficulty  these  were  taken  6ut  piecemeal,  and  then  only  in  part. 
These,  together  with  the  drift  which  accumulated,  caused  a  head  of 
4.4  ft.  on  the  gate  on  October  11th.  At  this  timei  the  di^chairge  through 
the  gate  was  about  12  000  sec-ft.;  the  maximum  discharge  through 
it  was  about  13  000  sec-ft.  on  October  8th. 

These  indications  of  weakness  showed  that  it  would  not  be  safe 
to  use  the  gate  after  closing  the  break,  and  that  it  would  be  V^ry 
fortunate  if  it  held  until  this  could  be  accomplished.  Furthermore, 
the  drift  made  it  very  difficult,  if  not  impossible,  to  set  the  flash- 
boards.  Accordingly,  on  October  5th,  a  pile  bridge  was  begun  just 
above  the  gate  and  connected  with  the  track  to  the  south  by  a  frame 
bent  trestle  supported  on  mud-sills — rthe  same  construction  as  had 
been  utilized  on  the  south  side  of  the  channeL  This  trestle  was  fin- 
ished in  the  morning  of  October  11th,  and  it  was  intended  to  dump 
rock  from  it  and  fill  up  the  gate  in  this  way  and  not  attempt  to  use 
the  fiash-boards. 

When  the  first  rock  train  was  slowly  pushed  over  the  trestle,  at  11 
A.  M.,  three  bents  of  the  frame  trestle  settled  and  wrecked  the  train. 
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fortunately  injuring  no  one  seriously.  Just  why  construction,  which 
on  apparently  the  worst  ground  on  the  south  side  of  the  main  channel 
was  entirely  satisfactory,  should  have  failed  here,  is  not  known — ^things 
happened  thereafter  too  rapidly  to  find  out.  At  any  rate,  had  the 
trestle  stood  and  had  the  large  number  of  loaded  ^Hbattleahips"  held 
ready  been  dumped,  the  writer  has.  always  believed  that  the  head-gate 
would  not  have  failed  utterly.  Be  that  ias  it  may,  at  2 :  30  P.  M.,  with- 
out any  warning,  the  gate  suddenly  buckled  up  at  a  point  about  one- 
third  of  the  way  from  the  south  abutment  (Fig.  46),  and  the  larger  por- 
tion— from  there  to  the  other  abutment — ^floated,  down  stream  about  200 
ft.,  where  it  lodged.  The  remainder  of  the  gate  stayed  in  place,  although 
it  settled  in  the  central  end.  When  the  gate  went  out,  the  4.4-ft. 
head  above  it  caused  a  destructive  wave  of  water^  carrying  large  quan- 
tities of  drift  and  debris  from  the  wrecked  gate  against  the  railroad 
trestle  crossing  the  by-pass  about  300  ft.  below.  In  about  5  min.  this 
damaged  the  trestle  seriously,  and  would  have  marooned  a  locomotive 
and  train  standing  on  the  soyxih  side  of  the  by*pa»  had  not  the  en^ 
gineer  taken,  chances  and  pulled  a<::ro8S  before  the  piling  began  to 
go  out. 

The  pond  above  the  divei^ion  dam  extended  some  distance  up 
stream  and  contained  a  large  quantity  of  I  water  which  had  to  run  out 
before  the  fiow  through  the  by-pas6  was  reduced  to  the  disdiange  of  thd 
river.  By  the  time  this  occurred*  considerable  inroad  had  been  made 
at  the  point  where  the  upp^r  by-pass  left  the  river-r-which  had  beep 
protected  by  a  small  brush  mattress-— and,  for  a  time  it  threatened 
to  work  down  to  and  through  the  earth  portion  of  the  dam^  Aggressive 
work  was  centered  there,  and  such  action  was  finally  arrested, 

•  ,    ■      . .  ■  .  ■  , .  ,     ■  •  ;  •  ■  '  , 

Closing  the  Break  with  Eoce  Fill  Barrieb  Dams  in  Series. 

The  lowering  of  the  water  above  the  diversion  dam  left  it  dry, 
except  for  a  siirprisingly  small  quantity  of  leakage,  and  enabled  ex? 
aminatiott  of  the  rock  fill  which  had  been  produced  by  an  ever-in- 
creasing proportion  of  rodt  with  respect  to  brush.  This  condition  of 
affairs  seemed  to  indicate  ^at  the  reasons  urged  why  a  rock  fill  dam 
of  considerable  height  could  not  be  built  in  a.  running,  stream  were 
not  altogether  strong,  and  suggested  the  possibility  of  very  quickly 
controlling  the  situation  with  a  series  of  rock  fill  danls^. each  of  which 
should  sustiain  a  head  of  not-mbre  than  4  ft.:   This  particular  dam 
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had  atdbii' successfully  ia.lieaxi  of  6'  ft;'\'«dthou*'auy  of 'the''troufei*9 
prophesied  for-  cbristtttoting  TOiik  ill  dams'  in  stfenbasi'  Fu^theitflOM,- 
the  tifackB^'bf'liie  Southern:  Pad-ie  Company  owijhfe  BaJton 'Sea  were* M' 
aii  e^tiemdy  c^ftidalr  eenditieiin;  and' th^  80>ut^^^  tran6<3^iiineiitieii 
litie  Would  sbbfi  be  iritelrupted/'tft' an  estimated  cost  of  ;$i>000' Odd!  ;a? 
monthv'  It  was  obvious  that,' if  ^this  Were  to  be  prevented^  very  quick 
actiioii  was  necessary,  and  if  hope  should  be  abandoned;  withdrawal 
of  financial  support  in  controlling  the  river  was  almost  a  certainty; 
Fu^therinore,  'otheif  i>lanS  of  controlJini^  the  situation  possessed  mo^t" 
sericms  difficulties^  as  already  explained.  '  •  J^ 

As  a  matter  of  insurance,  however,  iei  rush  order  was  Wired  for 
additional  sewing  oabU  for  building  a  diversion  •  dam  acr()S8"  the  Colo- 
rado directly  opposite  the  concrete  head-gate,  exactly  as  bad  teeit 
done  successfully  opposite  the"  wooden  head-^gate  to  divert*  the  tiv^r 
through  the  formed  stru^ure,  and  as  had  been  done  ivith  the  othety 
trusting  to  dynamiting;  dredging,  erosion,-  etc:,  for  erila*ging  the  4f 
miles  of  Main  Canal  thence  to  the  break. '  Thi6  done,  the  trestles^^  acrois* 
the  h^-fj^d^,  Axfvi'  a'ftd'belc^  where  the  weciden  head-jgate  jfead  been, 
werie'repaired;  '^nd'  a  'third -tr^tte,  M'  fi'  above  the  lower  :one,  was 
huTtiedly' thrown  adross'thi*  stream;  whibh  wals  carrying  tie  entire  flow 
of : the  rSvei*,'  .1^  waterway  through- tfaie  op^og^of-'lto'igate  beifcrg  only 
iaO''ft.--Widcf.'    ■•:•'    '.  •'■   ,\'-^'-:''-  .■-■'■   r..'--    ■•;     ■•!■:  .'   •.'■:■  :•  ■•  .    •  :"     .;.t    ..--:•! 

Swch.  method  -of  •  cslosingi  the':  break  and  foikging  the  iiVeS?:  down  th^ 
old 'Channel  by*  three  rd<ik '  fill  batriet  da^  iii^  serier  Wdd' '  therefor^ 
(Considered:  pi^lematia^l  '^tfly-  ^because  .there-  -was  'iixi  mattress'  unde^r 
any>«)f  :them,-axtd  ikife  bfu&h'matt^^ss'idfea  had  always:  been- 7^ardedr.a9 
essentialj-'The^brancht  railroad  from 'Hanlon-'s  Juwcl^on  to  the  Lowei) 
HeiEtding  was  now  in  f^esscelleuft  ooJnditi on, :  aiid't-be  Andrade-quiarry-waff 
sufficiently  developed  to -permit  the  "use-  of  the  two  steam  shovels,  prtv 
dueing  about  5  000  cu.  yd.  'of  rock  daily,  by'  working. night  aiid 
day.    It  was  felt  that  with  these  facilities,  tqgether  with  the  rock  whi«li> 

r    *        1   *     -  I  .  '  -         r  ,  I     • 

..."  ...  ,-.•.*  I. 

could  be  obtained  from  quarries  within  a  distance  pf  400  miles  to 
the  east  and  west,  rock  could  b^  put  into  the  stream  faster  than  the 
water  could  carry  it  away. 

As  a  matter  of  fact,  these  three  dams  were  built  up  so  rapidly 
and  succes8(fully  that  only  10%  of  the  Water  was  going  through  the 
by-iwisa- by  October  29th,  laaoSt -of  the  remaindet^-^8'600  sec-ft.^-i^ing 
over  "thef 'diverfeioii'.  da-m  with  itte  mattr^s  -  f oub:dfttibn.    Here,  *  .^ec- 
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ondftzy:  trestle,  with  ^-pile.  .bents,*  1$  ft.  lipart,  parallel  to  4u;^d;30  ft.  vp 
streajpa  .fTom.  the  first,  had  been  rudied^.  and  ifro^-thev  two  fi  .^e^k, fill 
dam  was  cempleted,  ttuning.aUi  tiie  wa{tejr-^9a70  sec-ft-^-'KiQwa^.^  old 
channel  and  ajstually  :eJLofiing>the^br^ak  ;<)ja  ^Noyembiar  4th»  That  is, 
afte-v  working  on  other  lines  continuously. :  f(^r  •  il&  months,  the  streani 
wad  controll^  by  a  rock  fill  dam  in  24  days*  In  otb^r  nfforda,  tiie 
rock  fill  barrier  dam  plaii,  \^hich  had:  not  beeji  advocated,  OJ?  indiaed 
seriously  considered,  by  a .  single  man, ;  proyed .  to  be .  a  .^e«y  isJSlAplQ  land 
efficient,  though  expensive,,  method  of  re-'diverting  the  river...  Xh^p;  fa/5t 
that  there  was  a  very  substantialbrush/mattreefs  foundation,  however, 
was  deefioied.by  many  as;.of.vitaI  importance*     ...  ..   r  . 

..:  Leakage  through;  the  atructurei;  was  stopped'  by  dumping. ^'battle- 
ship'' trainloads  of  gravel  from  the  Mammoth  gravel  pit  and  olay 
from  the  clay  pit,:  the  whole  being  puddled  with  fire . 84»?ea]»9<  The 
BetQ,.which  was  kept  above  ith0  diversion  dam.in  order  t^  be  takenuti 
the  river  and  used,  in  the  intake  above  the  conci*$t0.gete^  was  i^ediin 
widening  the  up-styeam  toeibf  the  dams. .  .  ■'  /   . 

A  week  and  ^a  half  afters  the  failure  of.  the  .wooden  head-g^te^  the 
success  of  the. series  rock  fill  dam  plan:s0em^  asfiiuredi  !Siie -Mphu 
had  finished  its  trip  up  the  Main  Qanal  and  cut  into  the'excf^vation 
ill  which  the  concrete  head-gate  had  been  built.  The  intake  irpm  the 
river  to  the  concrete  head-gate  was  completed,  and  by  Of^ober  29tb 
the  river,  alt, this  poin;t  had  be^.t^ised  approidmately' 4  it.. by  opera- 
tioiiis  at' . the  break. •  The  dam  holdinig:  out: the  ri^ear  here,  and; th<i^se 
w^ah  had. been  left  by  th& Alpha  on. its  way  up,  wjere  blown  oiut,  and 
watisr'  commenced,  to  fiow .  tiiro^tkgh  the  eon<»ete  headrgatei  and  .Main 
Oanal  into  the  Alamo  chaiinel  below^  the  divendioni.dpei'atioiis. '.The 
initial  dischaJrge  wHs  about  15Q  seb-ft.^  and  •had  increased  /but<3ittk 
when,  thc'  river  re«diversidn  '^as  complete^ .  At  that  time  •  ({loFember 
4th)  the' wE^ter:  height  at  >?atioife  points  was  as  follows  (G.  J),  Co. 

**™'^"        •     Above  diQ  dam-. ...;.......  I:.  .113.0  ft.'  '  ''      ^  ^ 

Below  the  dam. i...'.. ,...^97.3    "' 

Opposite  concrete  hetid-gate. ..  .114.6    " 
Floor  of  concrete  gate 98.0   " 


^ .■.   ,      ,      .  .  •  ■     _4"j  1  •      ,....,... 


I.  . .         •  t 
*  f 


By.  Novemjjer  .15th  only  .500  sec-ft  were  flowing  in  the  Main,  :€ia«>aU 
the  fall  of  17  ft  in  the^e :4.ini}es:iiot:baving>  re&ulted  in  mucli' er^osion, 
because. of  several  stretches. of: adobe. depoeits,  tholigh  the  tdv^ryetit  waa 
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quite  strong.  Dynatnite  wa&:  ue^.  liberally,,  and  by  December  5tb 
th6  grade. rec!9adioB!  w^s  within  1  mil^.  of  the  head-g^te.  In  thi^  way 
contin^uity  of  supply  into  the  .vajley  was  kept  up,,  and  the-  water  uaew 
suffered  relatively  little   inconvenience.  ,  . 

In  iqaking  the  first  dosing,.. rook  was  unloaded  from  the  .three 
trestles  across  the  by-pass  and  two  trestles  over  the  main. channel. 
Records,  were  kept  daily  of.  par  loads  of  rock  from  Andrad,^  and  from 
the  .dijstant,  quarries  unloaded  fropi  each  trestle,  but  this  record,  un- 
fortunately,  has  been  misplaced,  /and ,  the  totals  .  obviously  signify 
nothing.;  As  the  xjuantities  of  various  materials  used. during  the  entire 
periiod  ;from  August  Ist  to  November,  .4th  may  be  of  interest,  they  are 
given  in.  Table  13.  .    .  ■.■  ,' 

;     COKPLETINq  THE  HiND  DaMw 

The  dams  across  the  break  and' the  hy-tpass  were  hurried' to  com- 
pletion with^  Material  from  the  Mammoth  gravel  pit  and  the  cli^ 
pit  at-An^&de.  It  was  decided  thAt  tiie  structure  should  have  a  top 
elevation  of  124,  and  that  meaait  increasing  its  height  fuBy  8  ft.  The 
tracks  over  the  trestles  were  raised  so  rapidly  that  no  attempt  was 
made  to  recover  the  stringers  or  caps. 

TABLE  13 .-^Approximate  Data  lOP  CoiNsiiRUCTiNG.''  i 
Bi\^RfiiON  Work  ON  CoLORA,DO  Rivj:r.  .     . 

2  200  cords  of  brush  and  40  miles  of  steel  cable  used  in  mattresses  and  shore  protection. 

estle,     . r.       ,     •  .  ^      . 

Orefiron  pine  strfngbrsJ 


8  SQO  ft.  of . railway  trestle. 
IfegOOft.  o^8byir-In. 


1 100  piles. 

1690  cars  ( 

m  cars  (8S 

808  cars  t8S  000  cu.  yd.)  of  cla-j 


1  600  carsJ^SO  000  feu.  yd.)  of  rbck  (90%  used  from  Octolier  11th  to  November  4th). 

I.  yd.)  of 

«.  y 

_^   .^d.ofear ,  ^ -,  

2d6  66o  cU;  ya.  of  6artfa^  plac^  by  dredges. 


S41  cars  (^000  cu.  yd.)  of  Rrra^el. 

L)  of  clay. 
2Q0  000  Qu.  yd.  of  earth,  placed  by  teams. 


200  to  500  head  of  mules  and  horses  working  from  July  to  November  20th. 

200  men  In  June,  increasing  to  1 000  men  on  November  4th.«  ' 

Discharge  of  river,  June  27th,  99  200  sec-f  t.      ■    . 

Discharge  of  river  whed  actual  ^otk  of  cdnstanicting-  channel  was  begun,  August  6th, 

24  400  sec- ft.  , 

Discharge  of  river  od  November  4th,  when  final  closing  was  made,  9  275  sec-f  I. 
Elevation  of. water  above  dam,  1)3.1  ft.  above  Sjoa  lever(C.  D.  Co.  datum). 
Elevation  of  water  siuiace  below  dam,  97.80  ft.  above  sea  level  (Cv  D.  Co.  datum). 
Total  head  on  closing,  15.8  ft. 

Elevfition  of  water  surface  above  dam  one  week. after  <jio8iiig,  112.00  ft.  above  sea  level. 
Elevation  of  water  surface  below  dam  one  week  after  closing,  96.86  ft.  above  s^a  level. 
TotfU.heai|oudam,.Novemberlltb,  16.75  (t,i   - 

■.,-...''■  ■    •■       .  ;,  '  ■:■--: 

The  tracks  w^re  .gradually  pulled  together  to  a  final  13  ft.  between 
center  lines, , which  helped  somewhat,  but  the  proper  side  slopes  Wjere 
chiefly  obtained  with  fire  sti^eams,  five  li -in.  nozzles,  ea^ch  throw- 
ing about  225  gaK.  per  min.,  being  used.  The  rnixed  materials  as 
dumped  assumed  a  slope  of  about  li  to.  1,  as,- a  rough,  average,  and 
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these  "were  very  quickly  and  cheaply  flattened  dot^n  hydratiiically  to 
about  &i  tb  1  on  the  river  teid^  and  2  to  1  on  the  land  side.     Fur- 
thermore, the  slopes  Were  really  well  finished  with  visry  slight  addi- 
tional  care  and  expense. 

■''■  In  its  fintil  form  the  dam  has  about  400  ft:  of  15?  curve  at  the 
horth  endj  and  2  275  ft.  of  tarigeilt;  the  dam  is  ijonnected  ■  at  each  end 
with  the  levees  extending  tilong  the  river:  At  the  north  end  there 
are  200  ft:  of  high  dam  with  a  rock  fill  core  to  within  8  ft.*  of  the  top 
— ^where  it  crossed  the  by-pass.  A  little  more  thah  half  way  toward 
the  other  end  there  is  600  ft:  of  atiother  high  stretch  with  "a  rock 
core  on  bruish'  mattress 'foundatioti;  the  remainder  is  froln  16  to  20 
ft.  high.  This  is  known  as  the  Hind  Dam,  so  called  after  Mr.  T.  J, 
Hind,  Superintendent  of'the  work  at'the  Lower  Heading  after  June 
1st,  1906,  to :  distinguish  it  *;£ rom  the  Giai^e  Dam/  closing  the  second 
break,  so  ^Galled  after  Mr.  d  K^  Glarke,  Superintendent  of* the: second 
elosingv  December  20th,  1906,  to  February  20th,  1907.  About'  80%  of 
this  dam  was  (iompletfe  an  Peeember  7tiii  1006*:  .1 


Levee  .CoNSTRugTipN^ . , 


.  •    o  ■ 


The  original  pland  had  bfecinto  cdnoect:  the  north  abutment  of  the 
wooden  head-gate  with  the  embankmieiit  iellonjg  the 'river  side  of  the 
Main  C^nal,  and  to  huild  a  short  section  of  leyee  to  the  sputh  to  pre- 
vent  a  flank  movement  of  the  river  ^^ouBd  thi^  disVerting  A^th';.  The 
enormous,  chaxmel  ^hiph  th§,  summer  flood.,  of .  i906  created,  ^n  .t^:e  old 
Alamo  made  it  obvious  that,  not  only  must  th,e  b>eak  be  closedl,  but 
that,  by  a  rather  elaborate  levee  system,  all  overflow  w^ter  must  be 
kept  from  getting  around  into  the.  Alamo.  Surveys  and  examinations 
showed  the  necessity  of  an.  additionjal  levee  from  ihe  wooden  head- 
gate  to  the  concrete,  headngate,'  and*  a  .levee  from  ^e  diversion  dam 
south  foT  f rom  5  to  6  milea. .  Ji  (>•  .Allison,' Assoc.  M.  Am.  Roci  0.  E., 
Assdstdnt  Engineer  of  the  Mexicati  Co;;  was  assigned  to  make  surveys 
for  these  levees  on  August  1st,  and  their  location  was  completed  early 
in  September.  The  elevation  of  the  top  of  the  concrete  head-gate 
was  124,  And  it  was  decided  to  put  a  track  over  this  structure  and 
extend  it  down  the  levies,  so  that  the  grade  ^as  made  126  at  Andrade, 
124  at  the  Lower  Heading  and  over  the  Hind  Dam,'  and  thence  for 
4  miles  Botith,  generally  6' ft.  above  the  •  old '  high- water  miark^.  At 
all  pbints  th€!  grade  was  kept  approximately'  2i  ft.  higher  than  that 
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of  this  leVee  <!>p|>09ite  th^  Yuma  Project,  because,  should  the  latter 
bii6$ak,'the  dft*iiMg<^  would  be  far  less  than  if  ihe  levees  on  the  west  side 
were  to  fail,'  wtth  re^dlver^ion  rf  the  river  to  the'  Saitoh  Sea.  Be- 
tween the  head'^ate  and  the  Lower  Heading  it' was- necessary,  to  krcal?e 
"^he  levee-  wty  close  to  the  rivery  because  it  must  obviously  be  between 
the  rivei' '  aiid  the  Ma'in  OanaJ,.  and  some  large  areas  of.  bad  adobe, 
dfamt),  and  impossible  to  work  with  teams,  lay  close  to  the  canal  and 
'extended  weir  toward  the  river.  Below  the  break,  the -levee  was  abd 
closd'to  the  rivier^  because  of  the  siiEnilar.soil  conditions  fof  about  4  mile». 

LEVEE^CoWfetVuGTED  B^F'ORE  PECeM5fef^,  196is;'*HEBB 
GROUND  SURFACE  WA^  SMOOTH,WlfH  Kl6  tNDICATION  OF 
,..  -  "    FORMfiB  SLOUGHS  FORMED  BY  RIVER  OVERFLOW 


SCXTJEOFFEET 
I  I    " r     '       ■■      I  I         *H         I 

10      20'  40  00  W 


Borrow-Plt 


0ROS6*-8ECT1ON     '  '    '  *  '-  '     '       ,  .  .     ,  To  RLwt'*' 


:TftHjrfJwj<». 


Ground  Sgrface 


-  —  -^«        I 


kONQtTUOtNAL'CeNTfill  SECTION' 
Fjo.  8b. 


The  levee  was  designed  with  ^a  ikop-  width  of  8  ft.  and  slopes  of  2i 
to  1  on  the  river  side  and  2  to'l-^n  the  land  side.  The  ground  for 
♦the  base  of  the  levee  w*as  beared  and  grubbed,  but  ±'o  *^Diu<ok-ditcfaing" 
was  dbne.  The  desirability  of  muck-Aitching  \^as  fully  realiied,  aiid 
it  trlas  a'  pa^  of  the  leVeedesi^.  Experience  in'thcf  valley  had  always 
•shown  that,  not  only  ditch  and ' caiial ^slnks;  but  low  borderfe  of  -irri- 
gated'fieldsi,-'  etc.,  leaked Ijadly  wheln'witer'  wasf  firsit  'at)plied:  Indeed, 
interesting'  cas6s  \^eife  Cited"  of '  water  in  Cofafeidera'ble  volume  dis- 
appeari'n^!  intb- '  the  grcmnd'  •  for  •  seVi^ral  dayisf,  -ddubtles^ '  ilo^ing  itway 
'tthde'r  th^ '  surface  thrbugh  partly' opehed'  crafekg  bf  buried  layers  6i 
'ctacked  adobe.   ''*  '"■  '     '*'  "■'"'   ■'■'  '  •  '•'    '     '  •'•••  -'^ '  •''•■*    '- 

'  '  '  On  the  othei'- haiid,  th^  money  supplied'  by  the  Southern'  Pacific 
Comt^any  was  for  closing  the  bteak,  and' on j^  for' that  plirpbse,  until 
'the  re-divet6i6n'' 6f  tKe  riveJ*  was  "assured.  No  liarrow  construction 
was  placed  on  this,  to  prevent '  bililding  •  levees  •  af  dll,  but  it  was  not 
cbnsidereil  proper'  to  ihctiV  any*  'avoidable'  e^tikise'  in  this  direction 
lifitir  it  should  have  been  clearly '  demonstrated  that  it  was  physically 
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■possible.to  close  the  br€ak.  .  .Ko  .?Wickndit«hipg  had  been  do^  iii;kyee 
building  cm:  the  Yuiha  Project;  up.  ix>vit^bat' tim^v.aTid,  beai^ilefl,.,  expe- 
rience in  the  valleyijhad  always  be^n  that  eirApked  ftdobej  layers  when 
thorbug'hlsr  saturated  and  uiader  the  weight  pf  la  iew.f<5^t  of  efSTtb.^ppn 
66ft«ri 'and  the  uiider<ground . interstices.' .autdHiatioallif  eloae.  It  was 
thought  that  the  levees  couldprobably:  be  maintained  until. tbeiifba^es 
would  thus  soak  up  tight,  although  it  wa«  certMli-tbQt;  th^y  .wpjgtld 
leak  like  sieves  when  water i first  came  against, them.  ,  For  these  reasons 
the  ttiuck-ditch  work  in  i  the ' levee  ■plains  was  orderod  t o  be '  oniitted-  •  < . 

.     ,     IIEQO.NSTRUCTI9N  OF  LJEVEE9 .WHICH  WEB^ 
BUJLT  PEFPREbEJ0EMBEft,lSlO6 
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..  .Mat0rW.  for  the  leveps  w^s  taken  from  borrpw-pits:. on,  the  land 

'*'*'•  '  I  <rf  >i  till      ^       •  I  «  1 1  ■       •  4 1 

side.  It.  w.as:  fully  .realiwd.  ^hat.  this,  wasjniot.in.  ^ccordaAp^  w.ith 
the.  i^sual;  practice^  but  , it  y^&s,  ([^cided.  op  after  careful., considera- 
tioti  pf  tbq.  advantages:  apddisadT^antag^s.  Thie  location  of  the  levpe 
.was  forced. very  close  to  .th^  river- for-.ag?:eat  ppirtion  of  theway,  a;ad 
the  levees, of  th^  ..Yuma  Projjecjt  on  ,  the .  opposiite  side .  w^^®  ^Isg ,  so 
close  to  the  stream; that  the  distance  be]tween.was  in; many  places, only 
1 400,ftf— ran  ec^ceptionally  narrow,  waterway  for  such  .an  upruly  stream 
as  the  Colorado.  As  it  was  certain  that  the  current  at::^ood  stages 
would  be  very,  great  in  s^^h  gections^  it  was  extremely  desirable  not 
.tp  distujcb  in  any  Wjay  the.  rank  vegetation  between  ,the  river. and  the 
levee^-asr  it  cpuld  not  help  but.  greatly  break  up  aftd  i;etard  currents 
a»d.  thus  protect i the  levee. from  ;erpsiop, .  >  .,,,.. 

Ea^perieaice  with  the.  Jevejes  of  the  Yuma  Project  .(Shpwejd  that  the 
Jiope  that  borrow-pits  would  be  silted;  up;  was  vain,  and  instead,,  that 
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they  would  be  cut  together  to  form  a  continuous  canal  having  eddying 
currents  belpw  the  traverses  diiriBg-higb  floods,  iinlesB  earteneive  -bruah 
abatis  work  "was  used.  This  sort  of  protection  was  deemed  very  nn- 
satisfactory,*  becauscj^  _though  the  Mexicaa..O.Q.^  ..a<?.tually. . own.s_  the 
land  on  which  the  levees  were  located  in  Mexico,  it  is  practically 
impossible .  to  exercise  very  much  control  over  the  Indians,  owing  to 
the  indifference  of  local  Mexican  authorities.  The  Indians  have  always 
utilized  any  overflowed  areas  along  the  river  as  they  wished,  fof~their 
little  garden  patches,  and  these  levees  must  absolutely  cut  off  such 
water.  For  a  long  time  it  was  utterly  impossible  to  keep  these  nomads 
from  planting  seed  in  the  borrow-pits,  where  the  ground  remains 
wet:,  the  lond:est,  and  from  destroying  all  brush  growths  that  start 
therein.  It  was  considered  impitacticable  to  maintain .  brush  abatis 
worfc,  which,  'when  dryj  would  otily  make  it  easier  to  bum  off  Ijhe 
area  in  front  of  the  levee  for  a  ^rden  clearing. 

-  On  the  other  hand, ';  the  land  spoiled  in  making  bor|row-pit8  was 
of  little  value,  being  n^n-irrigabl^  under  existing  conditions.  There 
are  ncr  quicksand  pockets  above  the  water-table  in  tl^at :  region,  ai^d, 
the  soil  being  alluvi;al  $ilt  with  more  or  less  sand  iiltertnixed,  I  th^re 
was  consequently  no  fear  of  wat^r-soaked  material  running,  such  -as 
ocfea.sionally  causes  levee  trouble  elsewhiere.  There  is;  al$o  along  tiie 
river  io  surfaiee.  soil  criist,  wh^ch  .it  is  undesirable  to  disturb  in  j  levee 
buiMing.       •  ,:    f       •  !  >.'--;: 

The  only  pertinejit  objection  to  land-side  borrow-pjta.  in  ihis;  case, 
therefore,  seemed  to  be  the  matter  of  increased  total  head,  whic^ 
it  was  decided  did  n(^  oi;itweigh  th(B  advantages  of  an  undisturbed  ra^ 
vegetation  as  a  protection  against  the  0rosion  of  the;  water  slope  by 
swift  currents. 

These  levees  were  built  by  the  Shattuck  and  Desmond  grading 
outfit  on  force  account, .  with  the  intention  of  changing  tio  a  yairdage 
basis  as  soon  as  possible.  On  December  6th,  1906,  about  li  miles  above 
and  below  the  dam,  respectively,  had  been  completed,  5  miles  morei  wcp^ 
under  construction,  and  the  ground  was  cleared  for  another  2  miles. 

Situation  of  the  California  Development  Company  and  t^e  . 

Mexican  '  Company.  • 

About  November. . 16.th,. .  19£I6, ..  the  various  operatuma .  along  the 
river    were    making    satisfactory    progress,    and    the   writer   for    the 
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first  tim^.  eince  J;^^ne  lat.  liefiti  the.  river,  .humedly  , ipv^stigated  -the 
conditioii  o|  the,..6v  D*  Q9*  ^A<1  <  the  Mexican  Co. .  ^nd  .  reported 
his  findings- tpwBr4  the  end  of  .that  month.  .A^  a  insult  of.  this, 
when  the  8€X?ond  •  break;  pccurred  ; f|  few;. days*  later,  he  a^yised 
against  further  advances  by  the  Southern  .Pacific  Company,. and  Presi- 
dent Randolph  concuri^ed  and  ^o-  reported  to.  Mr.  Harriman.  The: 
fact  that  such  a.  decision  was  made,  by  the  .Harriman.  interests  :un- 
qnalifiedly  has  npt  been  generally  accepted  without  some  mental  reser*^ 
vations.  It  may  be  interesting,  therefore,  to  make  son^e  excerpts,  from 
this  report.  .  The  balance  .shefsl^  for  the  combined  C.  D^  Go.  and  Mexican 
Co. .  was ;  approximately,  as;  follows,:  :..    ,- 

■'    '  ■•  •  •  Assets. 

Real  estate  (chiefly  in  Mexico).. ....... .. $645087.26 

Stocks  (chiefLy  unsold  water  stock) .,,,,,: '. . . . .:...':       175  600:00 

Plant:  ' 

Machinery   and   equipment; $179  621.82 

Pranch  railroad  track..  ♦.....,, *  ...    6300Q.00        .-,    . 

Cani^ls  in  Mexico.  4.. ,,..,..,..,     376.000.00    . 

Canals  in  United  States. »,..., 308  €16.37  ..  ., 

...      ..  .,       ,  ,  ., .,.:..     ..  ,.9.26  238.19. 

Accounts  receivable  (chiefly  notes  secured  by  water  stock).      235  137.02 

^  '  l^tai. . .  .*. : . . . :. . .  .■. . . . : V; . . ':, :....: ! . . . .  $i  8^2 012.47 

,    -  •   .*  *         *  ,  •  ..,-'■...•       •    '      '   .•  «  *     '    •  •        » 

Liabilities. 

S.  P.  60.— Audited  bills  and  interest. _  . . .  $1  532  595.73 

General  audited  bills  and  interest . . ", 73  786,72 

Bonds  and  accrued  interest 515  200.00 

n  7-    '   ,      k  ki  ^'"  $2121582.45 

Damage  claims  (prob.able) :     .       . 

New  Liverpool  Salt  Co....* $50000.00    ; 

Land  owners   ,,.^ 200000.00 

Water  Companies  Nps.  6  ^nd  8.r. , ....... , .     500  000.00, 

S.   P.   Co.,.,.... ........,.....;,,!..,.. .    JQOO.OOp.OO. 

Inter-Califoniia  E.  Rr-S.  P.. ...... .,./     250000.00 

..      : —   2  000  000.00 


\-  • 


'fotal. . .; . . : : . . : . .  : ;:;....  :^  : : .  $4 121  582.45 

Net  liabilities.    • . . . . .  '. . . . .... . . . . . ; . . ..;...    2  239  569.98 
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Tbe  possibility  of  exteiiding  the  canal*  sysiem  and  selling  ridditional 
Water  ti^ta  was  dis(hUssed,  and  the^^nibii  wks  offered -that  gfnch  pos- 
sible returhs  'wotild  'probably  Just  about  suffice  for  buildrhj^  a  canal 
from  the  river  into  the  valley,  to  take  the  plaed^  of  the  Alamao  channel, 
which  might  be  bectfssfary  in  6  or  perhaps  not  fdr'  20  yfearS;  and  for 

building  new  controlling'  wotks  on'it'in  iJid  Valley: 

•  The  conclusions  were  that  maintenance  and  operation  expenses, 
prop^ly  estimated;  would  take  up  the  returns  fro'm'  tJ»  sale  of  600  000 
aci^-ft:  per  annum,  the  6bst  of  protectiiag  th6  region  from  the  Col- 
or'ado  flood-watets  was  set  ddwti  As  problematic,  probably  averaging 
$100  000  per  year,  and  fluctuating  enormOtisly,  and' it  wds  advised  that 
the  task  of  controlling  the  river  wai^.top  serious  a  tax  on  the  enterprise 
under  any^  possible  circumstances^  while  i^ttei^^Ation^};  com.pj&(^jpitiona 
^uld.  probably  mean  considerable  d^ay  in .  ^^ap^iqig  for.^^Ujqh.  work 
equitably  and  satisfactorily. 

'  •  •  '   '  ••  The  Second- Br^ax.  •  '  '        •  *  •• ' 

On  December'  Sth,  1906,  a  severe  flood  came  down  from  the  Gila, 
as  shown  by  t*late  XLVII.  Superintendent  Hind  and  the  writer,  who 
were  in  Imperial  Valley  at  the"  time,  received  telegraphic  notice  from 
the  water-shed,  and  wient  at  once  to  the  river.  For  reasons  already 
explained,  trouble  wa^  expecteii  from  water  getting  "under  ^the  levees, 
because  pp  .njuck-ditch  protection  had  been  provided,  an<i  a  large  force 
of  men  was  detailed  to  watch  the  sections  for  a  mile  on  either  side  of 
the  Hind  Dam  day  and  night  as  soon  as  water  c^me  even  near  the  i^iver 
toe  of  the  levee.  Information  from  the  upper  stations  throughout  the 
Gila  water-shed  frequently  indicate  floods  which  never  materialize, 
and  this  was  another  case  of  the  "truth  itself"  being  not  believed. 
1?hei^-  wap  so  much  accumulated  work  in  the  valley  that  there  was  ng 

'  <  ,  .  * 

time  to  watch  a  discharge  of  30  000  sec-ft.,  although  a  rivei:  stage 
which  would  test  but  and  Soak  up  the  levees  was  obviously  of  great 
importance.  Mr.  Hind  and  the  Writer  were  in  Yuma,  returning  to  the 
valley,  when  the  flood  reached  the  Lower  Heading,  where  the  river  began 
rising  at  midnight  aricl  rose  at  the  rate  of  1  ft.  per  hour  until  the  peak 
was  reached  early  m  the  morning:  "At  3 :30  a.  k.  Mr.  Hind  and  the 
writer  left  Yuma  on  the  work  train,  reaching  the  Lower  Heading 
aboiit  5:15  a.  m.,  and  found  three  serious  and  distinct  breaks  within 
100  .yd.,,  the  first  one  being  about  2  400  ft.  from  the  ;south^end  of 
Hind  Dam.    In  addition  water  was  finding  its  way  under  the  levee  in 
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about,  ninety  <>ikei:  plac^,  wiihiji  the  '§fret<?h  wbere  thf  .wat^r  jei^ched 
tb«  tde  t)f  tlpie  ley^i  or. about. l.inik  above  ^nd  an  icqual  cjistanoe  below 
the  dam.  Mr.  J.  Calvejl;,  Qewiiai  For^em^n,  ;had  fully  obeyBci  instru4s- 
iioizis,  aud  when  the  water  began  to  rfeacb'  tbe  toe  of  tbd  levees  at  the 
lowest  pointy .  had  commenoed  •  work  with  hi$  force  of  about  75  tt^en, 
doing  all  that: seemed  possible,  Thettrouble  was  not  that  any  one  break 
could  not  have  been  easily  handled,  but  that  so  many  points  of 
weakness  were  developed  practically  at  the  same  time.  Indeed,  it  is 
really  rieaiiapkable  that  the  situatioj;i  got  beyond  control  in  only  these 
thyee- plaoe$.  ,   . 

.,■'  A  part  of  the;  general  arrangements  with  the  Inter-Caliiornia  Bail- 
road  was  its  use  of  the  Hind  Dam;.  On. the  south  end  of  this  dam 
the  proposed  alignment  tuxned  a  small  angle  to  the  sight,  and  it  was 
planned  to- have  the  fill'  for  the  next  2  miles  without. any  op^iings— 
constituting  thus  a*  spur  le^ee  to  prevent  any  water  :  which  passed 
through  <ife  main  levees  iarom  Teiewhing  the  old  channel  bf  the  break 
beyond  the  dam.  Had  this  fill  been  rfettdy,  or-  had  the  first'  S«riotts 
bredk'bden-^500  ftJ  faillher  aAohg,  sandbiEig  diking  across  'iki!e  triElVerses 
and  btit  itito'the  bYtuih  to  f otde '^e' v^atet  tb  spread  out  and  'follow  an 
old  ianid  •  weimiefilrtd  «WUle  which' entered  the  Alaiiio  2  '  mileis  b^j^diid, 
would  harre^been  easily  possible: '  Iii^  eithef  case,  the  daihrtge'^' would 
have  been'  limited  1o  losings  l^sthati'  1000  cu:-  yd.  of  levee  seetibri.' 
•  '  -As  it  was,  however,  the^ -water  oOtning  thrdUgK  the  breaks  fill«ed  the 
boirrow-pits  on  Ihe^  latod'  side,  overflowed  the  rhterVetting  traverses,  an3, 
as  the  land  in  general  sloped  westward,  over-topped  the  last  travcfrse 
by  the  channel  of  the  break.  beloW  the-  dairi,  and  caused  a  rapid  grade 
TfeoesSidn  from  there, '  foUowiiig  •  th^  bori'o'w-^its  through  the  nearest 
brieak.  'Wheii  Mr.  Hind  and  the  writer  reached  the  scene,  the  first  of 
tbe  three  breaks  \<ras  beyond  control;  ahd  the  situation  was  hopeless. 

-'  By  the  time  the  grade  recession  had  reached  and  "passed  through  the 
bi^eftk;  the  flood  hftd  crested,  and  the  water' had  fisen  against  the  levee 
"to  a  depth  of  about  4  ft.  the  Water  rtishing  through  rapidly  increaised, 
and  cut  into  the  far  Side  of  the  bank,  and  Was  deflected  and  began  cut- 
ting into  the  land  side  of  the  levee.  This  soon  breached  the  dike  about 
-1000  ft.  froth  the  end  of  the  Hind  Bain.  This  breach  became  the  main 
break,  and  was  rapidly  widened  aiid  tieepened  until,  within'  24  hours, 
the  old  channel  was  agdin  etttirtly  dry  and  the  rfVer  had  been  re-diVerted 
into  the  Salton  Sea.  '  ^        •' 
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The  men  of  the  grading  outfit' engaged  on  levee  exten^ic^  work  3 
miles  down  the  Tiverwerie' flooded  out,  and  the  steamer  Searchlight  was 
sent  to  relieve  them.  The-'re-diversidh  iiitb  the  Saltdn  Sink  occurred 
so  rapidly  that  the  steamei'  w^as  left  grounded  there  in- the  oH. channel, 
and  inasmuch  as  it  was  the  only  craft  on  the  river  not  controlled  by  the 
contractors  on  the  Laguna  Weixy  this  waa  a  serious  mattiter.' 

.:.:;'  •  Tpp  Southern .Pacwio  Quits,,. 

This  disastef  brWght' to  the  higher  authoriti^  of  the  Hartiinan 
Lines  a  thorough  realization  of  the  size  of  the  great  task  of  COaatroUing 
the  Colorado*  The  imperative  need  of  invulnerable;  levfee  construction 
for  at  least  10  miles  along  the' river -Was  ^ade  evident,  and  the  difficulty 
and  cost  of  building  and 'maintaining  such  a  system  "^as  emphasized. 
Entirely  aside  froooa  the  very  great  cost  of  bank  pro-tection.  work  to.  pre- 
vent .the.  breaching  of. levees  thorough  thd  side  cutting: of  the  banks, 
WQS  fthe:  difficulty  of  building  in  such  bad  soil  a  line. of  del^ce  which 
would  be  absolutely  dependable. :    -     :  .;        : 

The  fi^;ancial  .qondition  pfi  the  C.  D.  ;Co.  und  :the  Mexioan  Cp,,  as 
just  explaii^ed,  wa«  ve^y  bad,:ftnd,  t^ndep  the  jiMJSifc  favorable ,  cirdum- 
stances  possible,  the  chapcea  of  the  Harriinan  interests  evei:.  being 
able  to  get, .bacjc  very  much  of  (the  mom^s  already  advancsed  were 
extremely  remote.  Ip  ^ddition^  howfeveri:  it  wad  apparent  :that  aa  un- 
usually efficient  and.  :e^peiislve'  levice  syot^d:  would*  be ,  required;  the 
^st  and  ma,intepai^Qe  .cost  of  which  was  too  l$ri^.  a  buFdento.undet- 
.  .  The  stockholders,  of  the  irri^tiop.  properties .>nptified  the.  Souther^ 
Pacific  management  con.tr/)lJing,  th^em  .that,  thei  pr^qpertieft  ^uld  xio^..  be 
e^pcQted  to  ((Jjo  such- overflow  protectioju  wQrkj,t4ndi]ideed!  should:  not 

pay . more , thwi.  a,  propwtipnaj. part  .haa^.w.  th©^tal: value '<>^  the 
properlgr  interests  .  v^,  ieopwdy,,  especjk^y  .  in  view,!  of  .the  'immense 
^amount  of  work  T^hijch  ha<l;ai^eady  bepn,  done  .at  it*  expejise.  Urging 
that  the  irrig^tjoncompaigr  had  cau^d.  .the  |:^enaoe.  (whic^  may  pr 
may  not  be  entirely::the.<?ase)  had  not  the'^lig^tesjfc  8igi:iifiqa4ce:tp  the 
,giOuthern  Paci^Cj interests,. which  we^.  really  thiS.  only; ;ofle9  .with.aliy 
fui^fls^-  cpUateiral,.  ^  or.  equipment!,  jand  i  yp^eye,  ,in.r  ,no:  possible  senae 
jce^sppngible  fpr  any  ch^ges  w  ,phiJ^aical.:cpn4itiQps.  alp^g  the,i(Jpl()- 
fradoBiver^,  expept  to  make  them  v^rympichb^tte?  Ihaiif  they, otherwise 
would  have  been.  >     ,-,  i:   ^ 


,,' '"'"'i^'^,  • 


.-'«' 


i....  ••/.• 


-.Vl       '. 
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On  .tb^  other  band,,  it  waB.-jPi^C(^i^Q^r  tb;E(t-8(metlfip&  would  bc^^e 
tober^pa^a  Tery  guif^kly.becjav^^  tbe.^u,n]^aiez  &(^  of  1907  wou)d  in.  afU 
;p^obabiUty  c^use  siidi  S^B^de  j:^<?^\pd^.  ^a,;tjo  ^rcera.ljLunied.ejiKO^^B 
from  Imperial  Vall^^.  wbich  w^ould.be.witbpn^i  a^paar^^l  in  bistory. 
The  cbaAces.of  such  grade  reo^esion. pending  jfar  e^oagb  to  remj^.the 
cpntrol  of  tbe; river  after  tbat  floo.d  v.ery  mucb  jpaqre.diffipwilt,.'W[w^  re- 
m^Cf.  ;Tbe>i:jaatter  "vyas  mfuie  complex  by. tbe  ,fft<jjt  thi^t  all  ]«r^;pk.bft4  itp.be 
,dpnj&  jn  !^Lexico  and  practically  all  property  i^tere^terinjeopardy,  were  in 
America;  and  tbere  were  no  provisions,  State  or  National)  jto;  handle 
fiucb  a  ciiixious  ^ituation^  Unles^.  th^  river  was:  turn^  and  kept  gping 
to  tbe.  Qu]tf,  th^  Sputbe^m  Pacific*  would,  spffer  ]tb^  Iocs  of  its  .trafjc 
from  the;  .Imperial.  .YaiUey  and  would- bfve  to  <?bange.iit^.  ,1m;v^  and 
bviild,.100  miUea.of  tj;a^k;,:  but,  to.  obviailJQ  tbese  lo^sea  would  certainly 
not  j,usti^  it  in.  undertakings  to  .control  ijae  river,  single-rbanded^ 

Accordingly,  tbe  people  of  Imperial  Valley  were  notified .  that, 
while  tbe  Southern  Paeifib-wouM  lie'' vei^  glad  to  place  such  equip- 
ment and,  pr^niza^io.n-^s.  it.,b^  IStlong  the  r^ver^at  .tiie  ■di9P09il(l  of 
any  pajrty  who  wantfid  to  pjroce^d  with  the.- wPTk*  gnd  wptiWi.be  willing 
to  contribute  to"^ajcd  tbjP  exp^na^s  thereof:  in.  jprpiportiow.  to.,  tb^  v^lue 
of  ifa  interests  iaa..com|)yftTpd>  tp,  all  ..others,  in  .jpppardy,.  it.  wpuM.not 
i^dyj^nce  .additional . funds  without  ; a  definite  arr^pge^ei^tf  for.. being 
^Qipil^f sed,,. . .  ^york  pn.,a.afoad^d,;fonp^iffgi,tb?i  r^Op^  qpntpur  was 
ordered .  and .  rusbed  to  .coflipletion.  ;Tho:  Qmp .  of.  igrading  was.  very 
aniaU,  .asjid  such  a  line  would. prj^dwle.jtbetppwibiUty  of  tbe;:iBteiTup* 
tion  of.  transppntin^nlaj  itraffic  f^y  theSal;tD.n.:Sea  ■fpr/atMleaS't:*  or  $ 
y^rs,  :durii^^  wbicbtiBaei.a.  line  lyin^  Entirely  above  aeia  fe^d  could 
be  ejcjonoi^cajly  cop^fU«tedi..   /  .    ■•  >,' 

..  On  Djecember  13tb  a  mass  meetingi  of /the  peo^^l^  of  Icplperial  Valley 
was. held  in  ImpjBrie^,  and  ^ubacriptions.  fqr.  river  oontrpl  work,,  totaling 
$950  000  we.ie  ipade.  by  various  interests...  These,;  were  the  Imperial 
Valley. Improvement  Company,  (the  piactical.  successor  of  the  Imperial 
J.and  Coinpany ). $100 .QQO;Jhe.Holton  Power.  Company,  $100 QOO;  the 
G.  H.  Co.,  $250  000,  and  the  director?  of  the  mi^tual  water  companies 
together  ^  bond  issue  of  $500  000.  All  these,  were  made  promising 
payment  90  days  after  the  break  should  have  been  closed  successfully, 
the  railroad  to  assume  all.mk  o^f  tbe  work.    .  .,  .    .  r   .       ' 

While  considering.  :tbe^e  s.ubscriptions^  it  was  urgpd :  in  opposition 
that  the,  mutual,  watei:.  eompanies  nfifgbt  not.bje  able  le^fdly  to,  Jflsue 


bonda  oT  expehd  motiey '{^t  nVer  pro^^oii  wort  at  all,  of  iniie^  that 
the  t>ei>i>le  of  tlie  Valley  cdtiM'i'ais^^moii^y,  6x6i3i>t  l]iy  iriditit!tial  dub- 
scriptioti,'  fdr'  wotk  to  be  dbn^-  ifi  *MeJci66.  Eeqiiests  were  sent  out  in  all 
tiirectiondi  IfesttMrig  ill  numerotis  civic  and  political  bodied  and  aii- 
thoritfes  of' the  State  wiring  to 'Preaident  Roosevelt  a^irig  to'haVe  the 
Fnited  States  Qoveirnment  act  in  the  emergency:  The 'Presiderit  iacted 
proihplily,  arid  as  the  result  of  tele^^hic  c6rrespdridentie'' With  Mr. 
Harrinian,  instructions  td  start;  work' oii  the  river  were  received  on 
December  20<^.  •    >      '         '     '    •■      •     ' 

In  the  ineantitiie  the  organization  at  Andrad6  and  at  th6  Lbwer 
Heading'  had  been  kept  intact.  The  qiiarryWasl 'developed,  sidlnjgs 
just  across  the^  border  in  Mexico  ^ei'e  lengthened' to -7000  ft.,  and 
material  arid  Equipment  of  all  "possible  kirids  which  might  be 'needed 
were  gatiier^  in  readiness  to' proceed  whenever  ordersf  mi^t'be  re- 
^jeiVed;  "  '"         '  ''■■'■'    •'         •      •  '     ^•''     '       '  -    '••''      <''''■••  '  ■■  ' 

immeidiat<feily  after  the  holidays,  Seriatbr'Fraiit  G.  Mint, 'of  <3ali- 
f6rriia;  iritrodiiced  a  bill' in  the'  Senate  pi*6viding'for  the  apprdpiria- 
tion  of  $2000000  t^x'iiaridle  the  sitriatibri.'  TTnder  the  ptovlsibris  of 
this  bill;  whatevei*  stiriainight  be  fouridjiist 'shboiM  He  pilid  to  tJli^ 
Southern  Paei€e  Coih:pQ,ny  for  Woirk  then  undei*  wayj  and  the'  remainder 
shouM  be  utilized  to  establish  an- irri^tioni)rbi^ct  for  Imperial  Valley 
by  the  U.  -S.  Re6flaina^n  SerVice.  -thi^!  id^a  W  that'  tie  irrig^tiori 
of  Anierican  land  in  the  Salti)ri' Basin'  iri<i-thti  regulatioii  of  the  bblo- 
rado  River  were^  inseparably  cbnnJdctfed,  arid  that  as' soon  as'  the  feitiia^ 
tion  should  be  under  co^ntrdl>  la^' Idke  Sbuth^ri 'Paciic  Gdmpkny,  thfe 
entire  matter  should  be  turned  over  to  the^Bwlaiiiation  Sfervi'ci^'fbr 
future  handling/  '  Director -Waleoitt  sent  Proifessti^r  A.  E;  Ciiaiidler, 
of  the -University  of  Oalifomiai' thdn  witii  the^  Reclaih^iori "  SerVic^, 
W  the  scene  W  make  W  special 'report,  and  Pteisiderit  !Ro6s6vfelt,  oh 
January  l2th,  1907,'  s^nt  a*  special  message  to  Congress  severely 
eriti<*i2;ing  the  prbhibtefrs'  bf  ih^  C,  1).  Go;  and  thfe  •i»ana:g6merit'''6f 

the'  properties,'  and  urging  the  passage^  of  •  the  Fliiit  bill  in  order  to 

•  •  i''.         ■  .'i  '1  • ,       ^ 

reliev^e  the  settleris'of  Imperial  Valley  froin  "ithe  '^fh justice"  ^hey  veefe 
enduring.-  ''^  ^"  '  ■  -  "  '  ^'■- ";  -•;''^  '  ' '  ''^''  "  -•;■••■:•-— 
When  the  bill  reached  the  House,  Hon.  B.'  C.  'Sthfth, 'Hejpresentktive 
frbrri*^-  th^  Eighth  <?alif orniia  Corigressiorial  IHstrict-^iri  •Mii'<^  Iriipferial 
Vall^y^^  is 'iocated^pposed  it;  'ad'^lsiri^4hat  he  did'sb'becAtis^' of  re- 
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<ltlest8  fr^m  his  constituents'  in  the  valley.'  There  can  be  no  doubt 
'th^t,  with  very  feW  exceptioils,  the  farmers  in  the  valley  objected  to 
the  bill,  preferring  the  existing  irrigation  arrangements  to  those  which 

f 

would  follow  under  the  Reclamation  Service,*  and  desiring  govern- 
mental assistance  in  river  protection  work,  and  in  that  oiily.    Largely 

due  to  Mr.  Smith's  efforts,  the  bill  failed  to  ipiass. 

,  '.■'■■ 

Change  in  OroanuAtiok. 

In  spite  of  the  opinions  of  visiting  engineiers,  experience  during'  the 
first  closing  left  little  doubt  that  there  would  be  any  particular 
difficulty  in  making  the  second  closing  withbut  any  brush  rnattreas 
foundation.  Even  had  such  been  deemed  desirable  and  worth  the  delay 
in  time,  very  little  brush  was  available  neairby  because  of  the  large 
quantity  used  for  the  first  cloiiing.  It  was '  felt  that  the  work  was 
iBtandardized  and  consisted  in  throwing  ordinary  railroad  trestles  across 
the  break  and  from  them  niiaking  rock  fill' dams  in  series.  The  levee 
construction  work  to  be  donie,  however,  was  very  much  of  a  problem 
in  every  Way.  Superintendent  Hind  "was  transferred  to  the  levee 
r^constrticti6n  find  '  exten^ioti,  and  Mr.  Clarte,  formerly  Resident 
Engineer  of  the  Tucson  Division,  Southehi  Pacific  Company,  came 
ta  the  work  as  Superintendent  of  the  second  closing  on  December 
20th,  1906.  '  ! 

At  the  same  time,  an  entire  change  in  the  accounting  system  :was 
ordered,  effective  December  7th,  the  date  oi  the  break.  Prior  to  that 
time  the  work'  had  been  done  by  the  Mexician  Co.,  with  material  and 
funds  supplied  by  the  C.  D.  Co.,  and  the  latter  corporation  from  time 
to  time  borrowed  money  from  the  Southern  Pacifip  Company.  This 
was  changed  so  that  the  Mexican  Co.  was  furuisHed  money  by  Epes 
Randolph,  Agent  of  the  Southern  Pacific  Company,  and  the  C.  D.  Co. 
had  nothing  to  do  with  the  matter  whatsoever.  On  the  American  side 
of  the  line,  the  operations  were  exclusively  under  the  name  of  "^'Etjies 
Randolph^  Agfenfe  S.  P.  Co."  The.  railroad  furnished  supplies  and 
material  to  him  Under  the  same  arrangements  and  conditions  as  it  had 
furnished  them  to  the  C.  D.  Co.',  namely,  at  cost  plus  10. per.  cent. 

,  ■  '.111  *'.  ..'i  • 

One  marked  difference,  however,  occurred  in  making  these  charges, 
namely,  that  after  January  1st  all  freight  bills  were  rendered  at  traffic 

*  Among  the  objeccioos,  the.  two  mopt  important  we^  the^pn>hable  increase  in  cost  of 
water  and  the  necessity  for  reducing  individual  holdfiifcs  probaDfy  to  40  acres  or  less. 
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r^tep  instead  of  at.  J  cept  per.'ton-xuile,;tiiia  J)^ing,  made.nece^s^ry  by  the 

prQvisiQn:  of. the  Iixter^tat^.^lPommerce.CoTOmissioBi  which  1x>^  effect 

at  that  tiBje.    .,   ^     ...  .  ; . ,     ...  :•::•:'■':• 

Closing  the  Secokd  Break.  , 

The  work  of  closing  the  second. bre<»twaa  in  several.. ways  interest- 
ing.  To  begin  with,  ^th^  current,  atrnck,  wh^r^  the  ^uth  end.of.tbe 
Hind  Dam  had  been,  and  was  there  deflected  sharply,  resulting  in  very 
serious  erosion.  Few  people  :who' saw  tbie  brisak  at  this  stage  believed 
it. possible  to  hold  this  erpsion.  from.^^oiijg  ^nt^rely  thio^gh  the  .struc- 
ture,  but.  by  unlpading  imnjepsje  quai^tities  of  rj^p]-fap,  the  fiUwias  tela, 
the  water  in  front  Quttingto  adj^pth  of^lihp^  ^^^iU..     ,  -  i, 

Two  trestles  were  decided  on  ^4  started,  >ftvp  pile^driyers  Wi^g 
used,  one  at  each  epd  of  each  frestle  a,n4  ^.floating,  m^icliine  ixi  tJ^JB 
middle  of  the  stream.  , These  trestles  had  to  be  thrown  in  a  cijrvecoA- 

cave  up  streanj  to  connect  witJi  tjhe  levpe.  on  the  south  sifj^,  i,hev^fo%^  the 

.'•  .'.'.*■.         ■       '•  '  '*.'  •"■•■•'         -.•  ■  . .  •    .  •■•       ... 

piles  had  to  be  driven  in  ,  a  very .  strpi^g  quartering  :curresat^ . ;  X^mb 
channel  wap  narrowed  and.the  bpttpirx  cut  dpwn  to  fi- ijia^^nium •  digpth 
of  38  ft.  In  driving  .90-ft.  pije^  yi^der  th^se  jcqn4itio;is,  thore  ,w«^  cqp- 
stant  danger  of  pvertu.r.ping  the  driver  and  Ipsing.  tl^e  machinery,  therei- 
fore  two  compjete  pile-driving  outfits  were  kept  in  reserve  and  twso 
boats  wsiited  below  the.ti^estle  to  pick  up, any  men  who  ciight.be  tj^peown 
overboard.  :.:;.'. 

On  December  28th  one  line  of  trestl^.w^. prActiqaUy  wpipleted,  when 
a  flood,  shown  op  Plate  XL VII  (which,  by  the.  way,  let-vthe  straiuied 
steamer  Searchlight  g^t.baJck  up  the  rivei:  to  .the.woj:k),  carrying  unr 
usual  drift,  tore  out  about  one-third  of  it. .  Three;  tiijaes  this  occurred,  re- 
suiting  in  the  Ipss  of  ^  large  quantity  of  bridge  material.  ..All  thi9Tw;a8 
obtained  th]*ough  Mr.  R.  H.  Ingrain,  General  Superintendent,.  Soiithern 
District,  Southern  Pacific  Coippany,  and  the  followiiig  teleg^ram  f roip 
im  IS  interesting:  .,.  ,  j 

'  "Los  Angeles,  1/14/07.  ■ 


»  t 


...  "W^  have  exhausted  fkli  available  supply  of  piles  ill  San  Diego  and 
Southern  Calif oniiai,  There  is  .very  little  hope,  of  giettingi  any  in 
!N'orthern  California.  If  you  feel  that  you  will  nepd  any  more  please 
let  i!ne  know  at  once  as  we  must  make  arrangements  with  the  Atlantic 
System.*''         :    .     ■  .  ■  •  •    • 

f'R.  H.  Ingram;'' 

•  Tlite' lines  from  Ne¥?Ori^iife  to  El. Paso.       ..'..  ..   .  ,. 


i 


'        t:    •' 


,   I 
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On  JascmivyftMi,.  1907,  the. first  trestle,  was.  finishedrfby  tibid  ifourth 
time,  all  stringers :  were  in  place,  and  the  track  was  ts^o-tbiids  laid. 
In  the  secbnd-treaitle,.50  ft.  abov-e  the  first,  seventeen  bents  rematned  to 
be  driven.  The-fiD  on  the  south,  connecting  ih&  trestle  with  the  levee, 
was  60%  completed.  Stored  on  the  bran<^  line  in  Mencd'alnd  the 
United  States  there  were?  176  'Ibattleships**  of  W)dr,  loaded  flit  the  quarry 
of  the  C.  D.  Cb;  by  steam- shovels j  and  100  flatcars  of  -large  irbbk  from 
the  distant  quatrics.  At  each  end  of  ih&  dam,  i  mile  of  the  leV^  had 
been  reconstriicied,  and  li  miles  more  opened  up,  while  iheih  were 
1.100  men  an4.  1000  ihe^d.jQf  stpck  engag^;  fit  .An<ixik4e  ^d.  on/ the 
river.  ...         :  ..  r-  .  •/.  .     ..,.  ':       ;     ....•.:    ,•     .  •   .  .^  r-  ^ 

On  January. 27tfa,,t)2e4rp;Vtrest^  vf^s.  G0XD(plete49'4iiu],  d;un^pipgr  rock: 
from  it  began  at  5  p.  m.  By  daylight  145  '^battleships,"  con^ainiiPlg 
6  600  cu.  yd.  of  i;ock  had  boe^n.  .unloaded  as  anoti^er  flood  from  the 
Gila. began  arriving,  but  it  caused  little  trouble.  On  February  10th  at 
11  p.  M;  the  seeond  hveAk  was  closed,  and  all  the  water  was  again  going 
down  the  old  channel. 

The  following  materials  were  used  in  the  second  closing:         •  • 

4000  fti  of  railroiad  trestle— of  this,  1800  ft.  we»  carried  awAj' 

by  floods  before  either  trestle  could  be  completed  or  any  rock 

could  be   dumped.     When   rock   dumping   began,    no   more 

■.    trestle  was  Idstrthe  fihat .result,  was ^o  trestles,  50  :ft.  apart, 

andeach  110O'ft.:lon^,  or  2  200  ft.  of  trebtle* 

16000  ft.  of  8  by  IT-ih.  Oregon  pitie  iBtrfngenH-8  000  ft:  of  these 

•  were"  removed^    '•':  •••'     •    ^    ••■:..'•■.' • 

1200 "•piles.   ••   •   •  '     ""'  •'■'     '  ■■ 

46  000  cu.  yd.  of  earth  placed  by  teams — making  960  ft.  of  earth* 
dam  to  connect  with  the  leveev  31000  cu.  yd*  being  placed  by 
Febrdary  2d. 
.2  357j  oar  .loads,  or  66: 000 .  ,cu. .  yd,, .  of  rpck ,  used  f^rior  to .  Actually 
.;    dpsing  off  the  water. 

^2X:ear:lo^s,  or  7  735.c^.;ydi,'ofg;tave}. 
203    '<        "      .«   8  840   "      «     ''-  clay.     : 

The  discharge  of  the  river  when  work  began  on  December  20th, 
1906,  was  12  500  see-ft. 
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: . ..   -Dec   Mstt'.  Jil. : .' . .  i  •. .  v'.^-  /...:.  i .;..  I I ..  id^OO 'secHfi. 

•    •J&1I4'  7th.  «•  </.  V.-.. . .  ..'*". ;.."-  ..i-.i-i  ..j». .'.  ."lS^^OG^i'J^• 
,.;       Jmk*  12th........  i ........;. ..4i300  ,  f' 

.  J^n.  20th .*....,>,:. .,.:.,,.....  .33400  .    " 

., .    „  Ja^t  ,27th  (w:hen  first. rocjs  dumping,  b^gan).  13  800.. ,  " 

.   Fel^,. 3d.. .......; : .,......,,>  ?1300*    "    . 

,r^b.    7th.....,..,......,;;......,..,., 17700   .  «.   . 

.    .      Eehai^b.,,.....; ..../;....-....,  20800    .« 

Mtfer  the  brekk  ^as  closed,  956  car  loads/ of*' 3S  240  dti:  "yd.,  of  clay 
and  873  car  loads,  or  33  655  cu.  yd.,  of  gravel  were  used  to  complete' 
the  EEind»(DMrfc6  Drfm.  The  r^te  6i  dumping  rOck, 'etcv  ia  'sliowii' by 
Table-14;'^     .•...•••■;-••-.••  -      i'-  -.■•       ■•      «  ''     •       ;•^.v    "   .  •  •-> 

•'      •'    TABLE  14.— Car  Loads  o^  MATtJltl^Aii;     ^^'         "     ^ 


'•  •       ,  * 


?•  '•'•' 


*  I*  f  '       ..    >  np«i  <  I    ,  r.       Ui 


V  ' 


I''  '■■       ■!  '■■•    '. "  1  *■ 


'    ■  -     -  -  '       I- 


1"  .  '. 


r . 


•'f 


January  27th  to  February  2d 

February  8d  t(>.9tli«.. : .. . ; .-.}.,  ...w^ .  »>  ^^. . . ... . . 

February  10th  to  lOth  midnight ....;.../.... 


F^AmokTrnatitQ  mhr 


,1   "v  •:  »i   ■;,     .-.I**    I..   ■.• 


",',»', 


."  Battle- 
'  Sliip.^'' 


606 
489 

8g 


IISO 
898 


lifmi')' 


Fintpar.: 


601 
91 


977  , 


1 1.?^* . 


Clay. 


8 


V^99j]  : 


i»»'ii 


:  .Ofayei.- : 


1  • 


15 


..M  / 


178 


) 


281 


I.'     .■'.■' .;>■■■[    i,^;in.    ■■i!^    'A:y-'''j:    t^a:  i)      .U*y^''.rj:>    '>!    i^t.rrTT 


■-»■!      W 


:  The.vrater.wad  shut  ofE  on  Eebruai^.lOth  at  11  p;^.m;  and  •the  flatcar 
rock  then  on  hatid;iand' erk  txmte  ?mas."Tt]|load6d>:iki  (nrder.to  release 
th^  C5a*s>  the  rock  from  aj^ndradfei^  Wbag-:  used  iimtil  ithe ,  18^1  m.'raising 
the  dam  hurriedly  to  protect  it  against  possible.  •  £LoodSi»-,  .The  total 
car  loads  of  material  used  in  the  closing  and  in  the  fini8h;Lng<u{)  of  the 
01ark;e-.pan{i  ,vere :.,..,....     .......  ..  '.-■"•'•,.• 

'.   '.:  ,  .>":Bftttl«jIiip.".    .  ■  ;  FJfetcar,  ;  :  Clay;  r    .       .Qravrt..!. 

1490  1182  784  .  ..«7?: 

'  *  Dui^ing  the  -eiitire  operations '  subtifequeht  to  '  the  second  break,  in- 
cluding finishing  up  the  Hind-Clarke  Dam*  eotopfet^,'  hM  eitdlusive  of 
the  rip-rap  to  hold  the  gradai  faefoiie' the  completion  of  the- trestle  over 
the  break  on  January  27th,  tire  following  car  loads'bf  material  w0r^  used: 

"  Battleship."  Flatcar. 

1517  •  '    •  1240 


Clay.  Gravel. 

•  956        •'    •  '^052    • 


-■   "  ■        ■     ■         5    ~T. "''  '  ' 


*4  800  sec-ft.  down  the  old  cbanneL 


:IWIOAW10»  '.^D  niNmr  CQJffPWI*,  iCjOJX)KAIX>  BXVJEU 
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The.  dby- I^it  waS' (ilofed.  en  Mareb  Sd,  ai»i  the  Hinkl-CBatke  Bam 
waa  finished,  except  for  the  final,  aurfaciog.  with  the  spreaders,  on 

•March- i6th. 

:  Two  steam  shovels^  and.  part  of  the  tinae/tkree  (not  ixieluding  the 

one  in  the  .Mammoth  gravel  pit)  were  eogw^d  froni  September,  190ft 
to  May*  1907,  at  $7.$0  per  day,  prior  :to  January  let,  1907,  alixd  at 
$1^^50  thereafter.  During  the  period,  there  v^re  .from  1  to  12  loco- 
motives, at  the  foUowiiPLg: rates:  •         ...•::;. 

•'     ■       American,'  light. . . . . . . . :.. ..... .. . .  '$'i8.00'  per  day. 

'  Moguls. ;::.;.........:..;....::.•..'•  m'O^^^^         '  '  ■' 

Consolidation.'..........:.......... 'IS^OO'  "'  ' 

Oar* t)ile-drivers,  working  40  days  at .".     10.00 '  :  *^  • 

•'  Donkey  engines...:......  ..;.l..:..^       T.SO  **    ' 

"■   Skid-driverSi   feompletej;  ......*..  .....      '2.60  "  *     * 


•   i> .  • 


I ' 


TABLE  15. — Southern  Pacific  Equipment  u?;?;d.  qn  >Riveji, 
FROM  December,  1906,  to  July,.  1907,  ExjP.bes8b;?|-IN  car-days. 


it.; 


.•: ' '  '1 


..'    rj^W*T-t.v.7 


».  i; 


December.  1906... 
January,  11907./.. 
February,  1907... 

March,  1907 

April,  1907 

•liay,'  1907.  .......< 

June,  1907 

iJaly,1907..: a 


©is 


595 

'690 

219 

54 


i«i  • » • '  '. 


08 


a!  a  eS 


;^e 


8  271 
4972 
4609 
5665 
5255 
4792 
2  635 
1B86. 


Totals 


1560 


82485 


$  o  « 


S^ 


80 
3d 
15 
27 
4 
9 
58 
12 


'Sat  • 


141 

158 
821 


440 

264 

24 


280. 


1840 


^^— ^^^^ 


.^^•. 


42 


■  <...     ' 


t  .  •  .  ' 


I         1    ^  .  ■  ■  I 


42 


^«- 


871 

6«^ 

47    ■ 
47-:.'. 

28 
17 
82 


1217 


78 
71 

12 
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,  The  Cl^rk;e  Pam  extends  from  the  south  end.  of,  the  Hind,  Pam 
across  the  second  break  to.  ]the  levees  on  the  south.  .These,  two  daina» 
consequently,  constitute  one  continuous  structure,  which ,  is  known 
as  the  Hind-Clarke  Dam.. 

,',..'-       ,.■..-■  ..■.■.'       '    '  ■     ■ 

Results  of  Experience  in  Constructing  the  Hind-Clarke  Pam. 


The  experience  obtained  in  making  these  two  closings,  ajccordihg 
to.the  methods^  u^ed«  ai9^orded  some  information  regarding  wdfrk  of  this 
cjass  which  is  believed  .to.  hei  entir^y  unique'  and  in  some:  respects 
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uiiexpected.  In^the  firit  platee,  it" Was  ghowu  ihat  the  brttA^- mattress 
bottom :pwt&cti4M  k^tiot 'only^tid[iti^oes^i7^'' but' adds  ta  tbee^bet,  botii 
in  time  and  money,  provided  rock  is  thrown  in  at  a  reasonably  iinpid 
r^te.-  In  disiJifesiiig  th^'po«6ibiiity  bf  handling  die  siinatl^m  aldfigr  the 
Jines  decided  cm;  th^dpikion  was  'fieely'estpredsed  that  the  rapid  oinrrent 
X^roikld .  cfirry  smaller  Toofcs  indefinite  distances -down  stream  J  aBd  that 
the-  latger  ones  would  quidkly  settle- ihto' the-  soft,  wateii^sdaked, 
alluvial  soil  to  indeterminate  but  very  i^eat  depths.'  As' a' matter  df 
fact,  a  relatively:  w^lxjuantity  of  battleship"  i^ock  $uffic^^to  blanket 
the  bottom  of  the.j^tream  with  a  mattress  of  rock  whichfful^Ped  essen- 
tially the  same  function  as  a  mattress  of  brush^r  ;.   ; 

In  this  type  of  cQnstruction  it  is  de&iraWe  to.hjaye  reojt  of  various 
sizes,  such  as  obtained  by  blasting  large,  quantities;  in, th^iqtiarry  and 
loading  with  a  steam  shovel.  Large  stones  .(fi*om,  l;to.  7  .^r  8  tons), 
which  can  be  loaded  on  flatcars  only  with  derricks,  are  effective,  but 
not  absolutely  necessary  in  raising  short  sections  where,  through  care- 
lessness  or  a  little  unexpected  settling,  a!n  unusual  quantiiy  of  water 
is  going  over  a  low  place  in  the  dam  with  consequent  menacing 
velocity.  Such  large  rocks  ■  were  unloaded  b^  a  gre4^  number  of  men 
u^ng  ;pinch4)arS,;  and,,  to  prevent  upisettmg,  "the  cftrs  wer6  ^Ifkined 
to  the  stringers  jvjbeh  uhloa«(iing  especially  heavy  rockfc  .  One  man  was 
killed  during  each  closing  by  going  overboard  with  a  laTge  rock,  and 
thesig  were  tl^e  only  serious  ieiecidenta.    No:  equii)meiit  was  lost  iluring 

either  closing. 

'        ,      '■  ■'  ■  .    .  .'  •'.•■.■ 

Two  trestles  were  used  in:  both  oases.     These  were  30  ft.,  apart  in 

the"  Hind  Dam,  and  50  ft.  apart  in^  the  Clarke  Dam,  the  idea  being 
"diat  the  current  T;^ould  prevent  building  a  rock  mattress  extending  far 
enough  i;ip  stream  by  merely  dumping  rock  from  t!he  trestle  on  which 
the  closing  was  made.  Careful  examination  of  the  resulting  cross- 
section,  wteh  the  'wiBite!r  was  shut  off  the  firfet  time,  seemed  td  indicate 
pretty  dearly  that  it  was  a  needless  precaution' to  have  two  trestles  for 
final  heads  of  14  ft;  or  leSs.^  A's  ttere  was  to  be  ho  mattress  in  the 
second  closing,  it  was  decided  to  use  two  trestles,  in  o'rder'to'tiilce  ho 
avoidable  chances.  Everything  worked  30  well  that  it  seemed  safe  to,  do 
a  little  experimenting,  and,  practically  speaking,  the  second  break  was 
tslosed' from  the  lower  trestle  alone.  .  r'f  ;'  '  .;.  ■,;.:':•.  •: 
:- :  In  •  both.'  cs^aes  the  fills '.  at .'  both  ends  were  kept  wE '  abot<e'  ike  "possi- 
bility of>'bemg:ofrertopped,   and  of  xmiform  heights  Across' the  re- 


ria.  46. — FiiLUBB  or  RoCKWOOn  Gatb,  October  11th,  1906. 


Fai.  47. — Mdck-Ditch  CohBTBDctIon  ib  Levee  Ehibhsion  WObk,   1907. 
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making  Jengtji.'  TwialoftdS  extein<ting  entii«|ly  oyw  the  trefftlos  wen^ 
u»k>ad«idl  most. x^fth^ (time;. but  abort  soctiipiwi, of  tb0  fiU  which  ,tresp 
low  were  proiftptJyi  fiUpjd  ia,  ftnd  gaee^t  !5»i:e:  lV*s  e^etcii^ed.  tp  ;4ifi^ 
trib^^tef  .^^  ^yi^rpour^v^Jjr.  .  Oaoe,  m  tke  buiMipgrof  eat^  of  .4?¥ese 
stroctur;e3,  a^  lop4  iset^lem^t'v  oec|i;ir^j  .re^rttWig.  Of  -  <Hmrae»f  m. 
largiQ  .q^i^ntiti(ee  .of ;. water ;goipg.O7ie]r.ilihe]j^l9tiy0te.8k>^ 
Uop«v  ^Th»,8fi^II^e  .Q:i;pQrlen,4e.>w«i^*ba^'  inm^MM  tb&  ^pper^jqoJfQfrdam 
wall.;fG^  .«Q(inp)eti^g,  t|ie  .gap  to  tfe^  JiAgw^a  .Weip,  .  The  <H>MtruqtiOtt 
of  A  rojo]^  fiB;barrier>49iqitT^V!a0  r^)g:axded .  as;  imprae^ipft|>le  by  ehgiiueerB* 
b^oaisse  of  .ju8|t.8iiP^  opQ^^?ep<je8k,$pBe}yrbr(W5lMftg!tbe:bftrri^  hop^Ieasl^* 
III  pprntQl-faDtixontinii^  dwiRi^of  j^rea  ,sii^li>rocfc  scspix  stQpa  apxjb 
ap-called  .{jBeaka,.  althpiigh  tjiat  te^uUfr  ia  <iher  wastp  e>i  jnimk  iHat^ial. ; 

: .  The.^i^  difficulty  18  caused  ^by;  drift. in  the  streiu^  .being vo(^¥^t 
by  the  trestle.    IT]b§o^Jic^iIJty,,4^eJ3i/ydr^^^^^  b^  vets  [B9»^j  ]>T6lmn 

up  and  carried  to  the  bottom  by  dumping  rock.  In  practice,  however, 
there  18  (Mmcuity  in  kfeepirigdnft  accumulations  from  seriously' 'threat- 
enilig'the^tr^t'le.'  Ill  I^g.  44  a  very  shaifp  kink  will  be  observed  which 
is  due 'to  drift  accumulations'  throwing  the  entire  trestle  out  of  line. 
Two  or  three  bents  were  taken  out  of  the  upper  trestle  from  this  cause. 
It  was  found  that' a  ctos6-secti6n' of' tnfe  dam  uiid^r  the  trestle 

r 

is  about  as  shown  in  Fig.  48,  so  that  it  is  tli^"  inevitable  little  breaks 
and  slides,  rather  than  actual  settling,  wbich  occurs  in'  such  cases. 

■  J       ■     •  *        •  •     . 

Local  readjustments  or  settlings  were  easily  handled  with  an  estimated 
qua»tity.c.<>f  ,.J|QQ,.se<5.-ft,.p^?  lin»  iX,  pf.dami  goinjK  ovpr  .thej'oclD  fill. 
H(rw  ;iwi<?h;  Jtiore  cpi^Jd.  b^vtoivJled.eaifelj;?  j-^ilpi^hefirocl?:;, available?  i* 
ijlo^  fcn^wn,    The  writer, wowldafl^y^f. that rjag)eE^  the  Coltirado 

^i^er,  woidd,nQt,vjpa*ifer,,)af^»giiliie  rock  §11  bftrr^^r.dana  metbod;  fo*: 
<;^anti1i©8  in:  Qi:iSes8;<)|;)iialf;(|batjftoWvOn.$?i  .ay»rage»  although  p<^8sibly 
n^rib-i-gir^^tejf ;  rfll;ea  .cff-f.;"  ^yU  ,j,  ^a-.]  -.;vr-:/;  ,-i   ■  ».:tto>  •■.>  ;. 
dis^hfurge  .over'  fu<^  .#' 
atructuite  .might ; be  safev:    . :.    '.  , 

The.  Klu^rnitity .  which,  wea^it  •    '  • .      • 


over  the  680-ft.  cres^.w^    ;  .  •  ts*^^;^ 


RBeOLTrNG6tCt<OKhOFRCdK't?*LL' daws' Wf/COE     "  ' 

.-.  ':Tfee  -.tfttal.  Jengtb//of  .  \.;r.,  rvOi'?A'^Q.f»BeT,'^Np.5^c<?ND.pL08,.;iQQ^    ,  ..... 

Fig.  48. 

rock  ^U  dammsed  in  tbia   '.-..>  .:*v  *;:  <      •  _    -     .,     <, 

trestle  '*^&'1/I25.)ft|,ia'n4  tbe;wat!eir,:wa«:,alk)lved:to:  ppnr'.overf  i^lft,  ot 
iti  t&e  :tiff^ifipnsist«d  o{,#-pite,  bent?,  .all: piJiJ&gJ  veirtici|J^..l^ft,fip%ci»gi 


b^Ween  "beftts;  aVfet^e:.'penettatitM'  ^fpil&glabklt^' 18-  fL-'5:iie  total 
b6ad,  6rt)ie  diSevmde  itt* water  sulrfac6-abov«-^d'beli5w''thididatfi,  t^ttS' 
13;4'5  f  t,  all  de^^eloped  in  piade  in  IS^daysand  5  h6Tii«I'  '•  ^  '  '^'  ''  - 
'  %  %a^  of  coniiyarison,  tke  buildiAfe'  of  th*e'tipi)^r  ai/d  Idwef 'iides 
6$  the  ec^ffer-dam-  Within  which' the  ceiKti'al  "or  chg^riel  portion'  oif'^the 
La^tia' W'^ir  H^as-coitipleted-  is  'fii<5fst' intfei^Sting:  Ob^  line-df  tlredtles,' 
740- fti'long^  waa  thrown  aoross^  the  «tr6am  ju'st  abdVe  thfe  u'pt)4r  edge 
of  the  wdr;  and-  another  ti^estle^  7^  ft  long,  below  the  l6w€a'-e<ige, 
thfe' treaties  beilig' about  400' fti  ripar4;. '  From  tfee^etriestle^  rock  fills 
were  built  tip;' atid  all  the  water  in-  the  rit^ei'  was  foi^ced  through  •the' 
sluice-gates"  at  the ''■  ends  of  the  weir,  the-  A'^i^na  Bluicife-tray  being 
2  700  ft^'distanti^arid  the  Oalifottiifi '  sluice-way  1  500  ft.  •  ^^li^e  were 
well-developed  quarries  k  each  ettd  of  the  weir,  arid  thie  halul  wals  f  rom 
l"5dO  to  8600  ft.     The  following^  equipment  was 'liflied    ■'"■■ 

.     One  2i-cu.  yd.  Atlantic  type  steam. shovel  (in  California  quarries)., 
'  •  One  2i-cu.  yd*  Marion  steam  shovel  (also  in  California  quarries). 
,S^ven    1 2 J-in,,  American    steam   hoists,    mo^^tly   in,  the   Arizona 
quarries.    ,      ,  ,   . 

, , .    Six  18-tp,n  standai^d  gauge  Davenport  Jpcomotiyes, 
FJfty..^rcu.  yd.  dump. cars.  ,> 

Eighteen. 5-cu,  yd.  steel  dump  cars.,  .      .  .   , 

Fifty  flatcars.        .       , 

•' By  Defeem'ber  lOtht,  openings  to'  aiid  from  •  the  slttibe%ay«' Were 
completed,  arid 'fhfe'  roefk  fills  Wfere  advianced  until  the  head^^^^as  2.S 
ft.  ' On  iD^cember  19thj  the  Beadfead 'beeit  iricfrettseid'to  6^.6  f t.;' 6f  t^ih^' 
abbut  3:5  ft.  wei-e  dri  th^  liawei'  rock^'flflU  while ^^  500  tsei^ft;' Were  goinfi 
over  these  and  8  200''sief<!^fl  'thrdtlgh  tW'feluiie-wa'ys.^  -  Ori*  aoc^kt- 1^  a* 
reported  flood,,  due  to  heavy  rains  on  the  Little  Colorado  waterHS&efd,' 
work  was  ({?6ilcent>^ted  on  the  upper  coffer-daita,  and  by-riDon  6f' -De- 
cember 21st  the  g^gr  was  closed  and  the  river-^9'960-  si^c-ft.^ — ^was: 
turned/through  the  slui'oe-ivaya,  the  head  being  8.5  ft.  on  the  iowfer 
and  5^4  ft.  on  the  upper  fill,  or  a:  total*  head  of '8.9' ft:      '  ^  i    ' ' 

The  ^^yer.bega^.  to  rise  SOjipura;  later^  crested  at  daybi^ak- 

on  the  23d,  the  discharge  beirig  36  250  sec-ft.  '  Wdter  passed  over  the 
entire  length — 4  200  ft. — of  the  completed  daftly '  3.3  it,- deepj  -but 
iackfed^lO  ill.  of  reaching  the!  ge&eral  level  (>£  libe  upper  ro^k-^  fill.  -?Ftie' 
lewet' ebS^r^iatti  tva^  ilijrired  'Conaiderafely  Ijy  Water  ruiinMig-leftgth- 
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wise  of  the  dam  on  the  down-stream  side,  so  that  the  npper  rock  £11 
stood  all  the  head,  which  reached  a  maximum  of  10.1  ft.  Two  weeks 
later  the  damage  sustained  by  the  railroad  tracks  on  top  of  the  finished 
parts  of  the  structure  had  been  repaired,  the  lower  coffer-dam  had 
been  completed  above  the  danger  line,  and  work  had  commenced  on 
the  660-ft.  gap  in  the  main  structure  within  the  coffer-dam. 

About  600  men  were  engaged  on  the  closing,  w6rfcing  in  two  10- 
hour  shifts.  The  total  cost  of  turning  the  river  through  the  end  sluice- 
gates and  constructing  the  coffer-dam  is  given  as  $86  072;  the  total 
rock  used  was  69  750  cu.  yd.  of  excavation,  making  82  800  cu.  yd. 
in  the  rock  fill.  No  lives  and  no  equipment  were  lost,  and  the  time 
required  after  beginning  to  dump  rock  was  about  2  weeks! 

The  total  cost  of  the  rock  work  in  the  fills,  including  trestles, 
quarrying,  train  service,  superintendence,  depreciation,  and  all  over- 
head charges  of  the  project,  was  $1.04  per  cu.  yd.,  of  which  45%,  or 
$38  720,  was  for  excavation.  Class  1  (quarrying  solid  rock). 

COMPliBTINO  THE  CIa^USXE  DaM. 

The  Clarke  Dam  was  rendered  impervious  by  dttinping  Mammoth 
pit  gravel  and  clay  from  both  trestles.  No  attempt  was  made  to  puddle 
or  settle  the  material  by  hydraulicking,  as  was  done  with  the  Hind 
Dam.  Small  local  settlements  occurred  from  time  to  time  for  a  year 
after  the  dam  was  completed,  but  nothing  disquieting  in  any  way. 
Imperviousness  was  very  quickly  obtained,  indeed,  long  before  the 
structure  was  raised  to  grade  and  widened  to  its  proper  dimensions. 

In  constructing  the  Hind  Dam,  every  effort  was  miade  to  hurry 
the  work,  and  the  stringers  were  not  taken  out.  With  the  Clarke  Dam, 
all  stringers  were  removed,  the  tracks  were  raised  and  narrowed  to 
13  ft.  from  center  to  center,  and  the  top  and  sides  were  finished  off 
with  the  gravel  spreader  used  on  the  levee  work,  leaving  the  finished 
structure  as  shown  by  Fig.  60. 

8pur  iei?ee.-^A  spur  levee,  8700  ft.  long,  was  built,  starting  at 
the  elevation  of  the  top  of  the  Hind-Clarke  Dam  (124  ft.),  and  with 
an  initial  descending  grade  of  0.5  per  cent.  The  purpose  of  this 
levee  is  to  prevent  water  from  any  break  in  the  main  levee  south  of 
the  Hind-Clarke  Dam  from  getting  into  the  old  dry  channel  below, 
as  happened  when  the  second  break  occurred.  It  is  intended  to  hold 
such  water  back  and  make  it  spread  over  the  low  country  in  a  sheet, 
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This  levee,  which  Was  decided  on,  but  not  started,  before  the  second 
break,  is  located  along  an  old  overflow  channel  slightly  higher  than 
the  country  on  either  side,  and  where  test-pits  showed  need  for  little 
muck-ditching.  Arrangements  were  made  later  with  the  Inter-Oali- 
fomia  Kailroad  to  change  its  alignment  to  use  this  9pur  levee  and  the 
Hind-Clarke  Dam,  and  it  was  thus  extended  by  this  railroad  grade 
for  4  miles  without  any  opening. 

Changes  in  Staff. 

The  success  of  the  Hind-Clarke  Dam  being  assured,  arrangements 
were  concluded  whereby  F.  C.  Herrmann,  M.  Am.  Soc.  C.  E.,  on  Febru- 
ary 1st,  1907,  became  Assistant  Chief  Engineer  of  both  the  C.  D.  and 
Mexican  Cos.,  particularly  for  the  purpose  of  making  surveys  and 
estimates  for  reconstructing  and  extending  the  canal  system  in  Im- 
perial Valley.  About  March  1st,  the  Clarke  Dam  being  then  weU 
advanced,  Mr.  Clarke  was  transferred  to  the  valley  and  appointed 
Superintendent  of  Construction  of  both  companies.  Superintendent 
Hind  remaining  in  charge  of  all  operations  along  the  river  until  they 
werp  finished,  when  he  was  transferred  to  the  Harriman  Lin)Q8  in 
Mexico,  on  August  Ist,  1907.  On  May  ].st,.  Mr.  Clarke  returned  to 
the  railroad  as  Besident  Engineer  of  the  Coast  Division,  pearly  two 
years  later  he  came  back  to  the  valley  as  Superintendent  of  Imperial 
Water  Company  No.  1,  and  early  in  January,  ,1910^  was  appointed  by 
the  Eeceiver  of  the  C.^^  D.  Co.  as  Assistant  General  Manager  and  Chief 
Engineer,  which  position  he  resigned  in  April,  1911.  The  writer  re- 
mained as  General  Manager  of  the  properties,  but  relinquished  the 
title  of  Chief  Engineer  in  both  companies  in  July,  1908,  and  issued 
circul^^rs  advancing  Mr.  Herrmann  to  the  positions  which  he  held 
until  he  left  the  companies,  in  March,  1910,  after  the  appointment 
of  a  receiver,  His  successor  in  the  Mexican  Co.,  and  its  present 
Chief  Engineer,  is  Mr.  C.  N.  Perry,  who  first  came  to  the  valley, 
with  Mr.  Eockwopd  in  1892,  and  was  Eesident  Engineer  of  ^oth  com- 
panies from  October,,  1901,  to  August^  19)06,  and  so  was  in  immediiate 
charge  of  most  of  the  existing  canal  construction  in  Imperial  Valley. 
Since  April,  1911,  Mr.  J.  C.  Allison  has  been  Chief  Engineer  of  the 

■'■■'■  Levee  Keconstruction. 

On   December   20th,  1906,  reconstruction   on   the  existing  levees 
was  begun  by  tearing'  away  the  land  side  of  the  levee  and  excavating  a 
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continuous  muck-ditch  as  deep  as  the  test-pits  indicated  to  be  neces- 
sary. The  iisual  location  of  a  muck-ditch  is  under  the  center  of  the 
levee  section,  but,  in  reconstruction  work,  this  was  not  practica}>le, 
and  besides,  there  were  several  reasons  for  location  nearer  the  land 
toe,  which  will  be  mentioned  later.  The  excavation  was  made  as 
narrow  as  possible  with  the  use  of  4-horse  Fresno  scrapers,  and  it  was 
found  that  the  walls,  not  pnly  of  the  natural  soil,  but  of  the  recently 
constructed  levee  section,  stood  practically  vertical  without  any  caving. 
(Fig.  43.)     The  muck-ditch  was  excavated  1  ft.  lower  than  the  lowest 

layer  of  cracked  adobe  soil  lying  above  the  permanent  water-table, 

•  ■     •   -'  ■  '         ' 

and   was  xefilled   with   the   material   removed,    care    being   taken   to 

' '  '-■  ■  '    ■'  ■  •  *  •  .  •    •    '       . 

keep  out  roots  and  clods  of  adobe  exceeding  3  or  4  in.  in  greatest 

dimension.  .When  the  muck-ditch  was  completed,  the  land  side  of  the 
levee  was  replaced  to  the  slope  of  3  to  1,  instead  of  2  to  1,  as  origin- 
ally built  This  work  was  started  on  force  account,  but  was  so6n 
changed  to  a  yardage  basis,  on  the  following  schedule: 

Levee  section  removed  and  replaced  in  embanjbnent,  12  cents  per. 

ou.  yd.     _ 
Muck-ditch  excavation  and  refijl,  17i  cei^ts  per  cu.  y4» 
Reinforcing  levee  section,  19  cents  per  cu.  yd. 
The  total  earth  handled  was  199  000  cu.  yd. 

Levee  Extension, — At  the  same  time,  surveys  were  commewciBid  for> 
extensions  of  the  levee  to. 'the  south..  .From.  Mile  7  the  original  aJJi^-". 
ment  oontinued  closely  paralleling  the  irivec,  and  heze  all  <de!aTi]ig 
had  been  done  lor  2  miles,  and  about  20%  of  the  fill,  bad  been  naadc^ 
At  the  south  end  the  flood  cauded  three  breaks^  close  together j. through 
almost  completed  levee  section.    These  breaks  were  due  to  bad  znat^ri^JL 
that  is,  adobe  which  in.  working  had  broken  up  into  small,  hard  clods. 
Directly  across  the  river,  similar  breaks  had  pccurred  in  th^.  levee  pf 
the  Yuma  Project.    In  additipn,.  the  river  during. this  flood  shoT^^iEjd.  a, 
marked  tendency,  to.  cut  into  the  west  bank  immediately  opposite. 

The  surveying  party  foupd  that  the,  most  suitable  soil  and  thC' 
highest  ground,  west  Qf  the  riv^r  bank  itself,  lay  along  the  Par^dones 
overflow  channel,  which  turned  away  more  than  a  safe  distance  from 
the  river.  This  channel  W49  followed  beyond  the  undergrowth  to  open 
country,  and  a  hurried  reconnaissance  showed  that  at  some  future  time, 
by  building  approximately  20.  miles  of  levee,  most  of  it  relatively  low, 


1380  IRRIGATION  AND  RIVER  CONTROL,  COLORADO  RIVER 

connection  could  be  made  with  the  mountain  chain  on  the  west  side  of 
the  delta  at  Cerro  Prieto. 

It  was  felt  that  the  work  now  in  progress  was  not  merely  to  prevent 
flood-waters  from  quickly  getting  around  the  end  of  the  Hind-Clarke 
Dam,  but  that  very  soon  a  system  of  dikes  constituting  a  continuous 
line  of  defence  for  the  Imperial  Valley  must  be  provided.  President 
Roosevelt  had  not  requested  or  authorized  Mr.  Harriman  to  construct 
anything  so  elaborate,  but  only  what  would  form  a  protection  for  a 
few  years  at  most,  or  until  suitable  permanent  arrangements  could  be 
made  to  control  the  river  properly.  Such  levees  as  were  to  be  built, 
however,  obviously  should  be  constructed  with  a  view  to  being  incor- 
porated in  their  entirety  in  the  final  scheme. 

Two  plans  for  keeping  the  overflow  waters  of  the  Colorado  from 
getting  into  the  Salton  Sea  are  at  once  seen  to  be  better  than  any 
others.  One  is  a  levee  line  along  the  Paredones  ridge  and  north  of 
Volcano  Lake  to  Cerro  Prieto,  and  the  other  is  a  line  of  levees  parallel 
to  the  river  practically  to  tide-water.  These  two  plans  iare  shown  in 
Fig.  4.  The  first  would  protect  all  American  interests  and  all  that 
territory  in  Mexico  lying  to  the  north  and  west;  the  second  would  also 
protect  the  very  large  area  lying  between.  This  additional  area  is  the 
property  of  the  C.  M.  Co.,  and  is  in  an  extremely  good  location  for 
irrigatiixn  from  the  Colorado.  The  C.  M«  Co.,  on  being  apim>ached 
regarding  the  matter,  thought  that  its  present  interests  would  be  best 
served  by  the  northern  line  of  defence,  which  thus  precluded  the  pos- 
sibility of  financial'  assistance  from  that  company  in  giving  additional 
protection,  and  the  matter  resolved  itself  into  a  decision  as  to  which  of 
the  two  lines  ciould  be  built  and  liiainiained  at  least  cost.  The  instru- 
mental data  regarding  the  r^on  were  insufficient  to  decide  between  the 
two  possibilities,  and,  incidentally,  the  same  condition  of  affairs  unfor- 
tunately exists  to-day.  However,  something  had  to  be  done,  and  at 
once.  Based  solely  on  careful  reconnaissance,  the  northern  line  of 
levees  was  decided  on,  iand  the  portion  to  be  immediately  built  was 
located  to  a  poiiit  about  10  miles  below  the  Hind-Clarke  Dam,  this 
being  enough  to  prevent  water  from  getting  around  into  the  Alamo 
channel  during  flood  stages.  Aside  from  the  desire  to  do  only  what 
was  absolutely  required  and  could  certainly  be  finished  before  the  simi- 
mer  flood,  it  was  felt  that  the  officials  of  the  Mexican  and  American 
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QoTemmfix^  shouJid.  haye  the  s^eate^t  freedom  vi  determniiig  on 
future  work  f or  .controUing  the  river.    .   .    ,    . 

The  grade  was  (determined  from  existing  high- watei:  marks  along 
the  line  of  tjie  levee,  checked  by  high-water  marks  along  the  line  of 
the  river ;  and  several  miles  at  the  lower  end.  has  a  grad,e  of  3  ft.  per 
mile.  The  cross-section  decided  on  was  a  top  width  of  10  ft.  and 
slopes  of  3  to  ,1.  on  each  side. 
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Much-Biiches. — The  Yuma  Project,  tJ.  S.  !Eleclamation  Service, 
loaned  onie  of  its  engineering  corps,  the  method  being  to  grant  li^aye 
of  absence  to  the  members. and  have  them  carried  on  the  payrolls  of 
the  Meiticah  Co.  This  corps  was  in  charge  of  ]^r.  C.  W.  Ozias,  Assist- 
ant  Engineer,  and  was  assigned  to  levee  location  work.    Mr.  Ozias  was 
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instructed  to  make  tests  for  deteribdning  the  time  at  which  efficient 
compression  of  adobe  soil  would  take  place  with  distributefd  loads,  as 
under  a  levee  when  immersed  in  water.  For  these  tests  some  hard 
chunks  of  adobe  were  taken  from  the  muck-ditch  excavation,  2  ft. 
below  the  surface  at  Station  176,  and  placed  in  a  box  1  ft.  in  each 
dimension,  in  as  nearly  natural  condition  as  possible,  and  kept-  under 
a  continuous  pressure  of  500  lb.  per  sq.  ft.  At  the  end  of  1  hour  J  cu.  ft. 
of  water  was  added,  part  of  which  leaked  out.  Compression  started 
rapidly,  and  continued  for  1  hour,  due  to  the  chunks  being  pressed 
closely  together  in  the  box,  and  slower  compression  started  at  the  end 
of  this  time.  The  compression  continually  decreased  until  the  40th 
hour,  when  no  more  movement  was  noticeable  on  the  scale  beam.  The 
mass  was  then  removed  from  the  box  and  found  to  be  plastic  and 
pressed  together  so  that  it  contained  no  voids.  From  this  it  ap- 
peared that  efficient  compression  under  a  load  of  600  lb.  per  sq.  ft. 
starts  at  the  end  of  an  immersion  of  about  3  hours,  and  continues  in- 
definitely until  all  the  voids  close.  This  is  why  borders,  canal  banks, 
levees,  etc.,  in  that  region  soon  become  impervious  if  breaks  can  be  pre- 
vented during  that  period.  It  is  the  inability  to  prevent  breaks 
over  a  long  line  which  renders  a  muck-ditch  of  some  form  practically 
necessary. 

The  results  of  this  experiment  suggested  dampening  the  slickens 
under  the  levee  section  enough  to  have  the  voids  in  it  closed  by  com- 
pression due  to  the  weight  of  the  levee  section.  Such  wetting  could 
be  brought  about  by  digging  a  trench  along  one  or  both  toes  of  the 
levee  and  pumping  water  into  it,  and  would  save  the  large  cost  of 
muck-ditch  construction.  As  this  levee  line  was  too  vitally  imx)ortant 
for  such  an  innovation,  it  was  decided  to  use  a  muck-ditch  6  ft.  wide  on 
the  bottom  and  having  side  slopes  of  2  to  1,  the  excavation  to  extend 
at  least  1  ft.  below  the  lowest  layer  Of  cracked  adobe  soil  abdve  the 
water-table.  Test-pits  were  dug  every  200  ft.  to  determine  the  nec- 
essary depth. 

The  muck-ditch,  however,  was  located  under  the  land  toe  of  the 
levee,  as  shown  in  Fig.  38,  because  it  was  not  deemed  desirable  to  pre- 
vent  water  from  getting  under  the  levee,  but,  on  the  other  hand,  to  allow 
water  to  go  under  it  as  far  as  possible  and  still  certainly  hold  it  back 
with  the  muck-ditch.    Ii;  this  way  the  cracked  adobe  layers  under  the 
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levee  section  would  become  impervious  as  a  whole  in  the  minimum  time 
after  the  water  came  as  high  as  the  toe  of  the.  levee. 

The  mudc-ditch^  except  for  two  short  stretches,  was  filled  willi  the 
soil  taken  from  it,  only  a  few  places  being  found  in  the  17  miles  con- 
structed where  bad  material  occurred  in  such  masses  as  to  render 
it  at  all  difficult  to  mix  the  adobe  clods  with  satisfactory  material  taken 
out  of  the  excavation. 

Borrow'Pits. — ^Borrow-pits  were  located  on  the  land  side,  leaving 
a  berm  of  40  ft.  and  traverses  20  ft.  wide  at  intervals  of  260  ft.  It  was 
specified  that  borrow-pits  be  left  in  workmanlike  condition,  with  a 
maximum  depth  of  2i  ft.  on  the  side  nearest  the  levees  and  4  ft.  on 
the  farther  side.  The  reasons  for  borrow-pits  on  the  land  side  have 
already  been  given.  The  occurrence  of  the  second  break  was  not  con- 
sidered to  indicate  any  good  reason  for  change  in  this  particular. 

Contracts  and  Contractors. — All  levee  extension  work  was  done  on  a 
yardage  basis,  a  contract  being  let  to  W.  K.  Peasley  and  Company,  of 
Los  Angeles,  for  18i  cents  per  cu.  yd.,  for  the  entire  levee  cross- 
section,  including  the  muck-ditch,  and  10  cents  per  cu.  yd.  for  refill- 
ing the  muck-ditch  section.  The  price  for  clearing  and  grubbing  was 
$2  000  per  mile.  The  contractor  assumed  all  risk  of  expenses  due  to 
delays  called  by  fiood,  and  the  company  paid  all  customs  charges  at 
the  Boundary  Line. 

The  Xuma  Project,  U,  S.  Reclamation  Service,  permitted  the  use 
of  120  head  of  its  rented  stock  in  order  to  assist  in  completing  the 
work  before  the  summer  fiood.  This  outfit  worked  imder  the  usual 
regulations  of  the  Reclamation  Service,  on  a  rental  basis,  and  the  levee 
contractor  put  it  on  the  work  and  paid  the  Mexican  Co.  what  the  latter 
paid.  The  Reclamation  Service  engineers  advise  that  levee  construc- 
tion on  the  Yuma  Project  has  been  found  to  cost  much  less  than  Mr. 
Peasley^s  contract,  but,  for  some  reason  or  other,  the  levee  contractor 
and  the  company's  timekeepers,  who  checked  the  work,  show  that  the 
contractor's  price  for  the  work  done  by  this  grading  outfit  on  this 
job  was  less  than  its  cost.  The  great  hurry  had  a  marked  effect  on 
the  expense  to  the  contractor,  however.  At  any  rate,  the  writer  had 
an  opportunity  to  examine  the  contractor's  books  later,  and  found 
that  his  profit  on  this  job,  with  proper  overhead  and  equipment 
deterioration  charges,  was.  17.3%,  and  none  of  the  possible  delays  due 
1|o  floods,  etc*,  occurred. 
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All  work  was  veary  carefully  inspected  by  an  unusually  large  corpd 
of  men,  and  every  precaution  was  taken  to  prevent  any  roots  or  xvh- 
bish  from  getting  into  muck-ditches  or  fills,  and  to  see  that  all  muck- 
diteh  construction  was  carried  to  the  depths  ordered. 

Railroad  Track. — When  completed,  all  levees,  both  as  reconstructed 
and  extended,  were  laid  with  a  railroad  track  consisting  of  new  6  by 
8-in.  Oregon  pine  ties  8  ft.  long  and  good  old  66-lb.  relaying  steel  ob- 
tained from  Hie  Southern  Pacific  Company.  Thiis  was  done  piartly 
because  of  the  great  advantage  in  maintenance  work  in  future  and 
partly  to  distribute  a  blanketing  of  Mammoth  pit  gravel. 

On  the  completed  work  16  miles  of  track  were  laid  on  the  main 
levee,  li  miles  on  the  .spur  levee,  5 J  miles  from  Hanlon's  Junctioti  to  the 
Lowey  Heading,  2.6  iniles  of  sidings,  quarry  tracks,  etc.,  in  California, 
and  2.7  miles  of  sidings  and  double  track  over  the  Hind-Clarke  Dam 
in  Mexico^  No  part  of  this  track  hks  been  taken  up,  but  the  main 
line  and  sidings  between  Hanlbn's  Junction  and  the  end  of  the  spur 
levee  have  been  sold  to  the  Inter-California  Railroiaid. 

Gravel  Blanketing, — Vegetation,  springing  up  like  mushrooms  on 
fills  in  the  region,  very  soon  precludes  any  possibility  of  inspection. 
The  roots  also  attract  burrowing  animals.  Furthermore,  the  danger  of 
erosion  oil  the  water  face  by  swift  currents  due  to  the  fall  of  3  ft.  per 
mile  made  it  exceedingly  desirable  to  provide  a  better  surface  for  the 
eddy  currents^  For  these  reasons  all  levees  were  blanketed  on  the  top 
arid  both  sides  with  a  15-in.  layer  of  gravel  from  the  Mamnaoth  gravel 
pit,  which,  as  has  been  said,  supplies  a  cementing  material  which  packs 
into  an  almost  impermeable  surface.  It  was  practically  impossible-^ 
and  would  have  cost  more  money — ^to  have  blanketed  the  water  f ftc6 
only,  or  to  have  put  a  greater  dejrth  on  it  than  on  the  land  side,  because 
all  the  gravel  was  hauled  in  ^'battleships"  which  dumped  equal  quan- 
tities of  material  on  each  side.  Ordinarily,  two  cuts  of  cars  were  un- 
loaded, a  coniaiderable  portion  of  the  first  being  used  on  the  top  and  to 
surface  the  track.  The  remainder  was  spread  evenly  over  the  two 
slopes  of  the  levee  with  a  home-made  spreader  devised  and  constructed 
with  an  ordinary  flatcar  temporarily  taken  for  the  purpose  by  Super- 
intendent Hind  at  a  total  cost  of  $300.  Its  construction  is  shown  by 
Figs.  46  and  52.  "With  this  the  graveil  was  spread  in  an  extraordinarily 
workmanlike  manner  at  a  cost  of  0.1  cent  per  cu.  yd.  It  worked  in 
either  direction,  and  the  ordinary  process  was  to  have  one  cut  of  gravel 
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dumped  along  from  3  000  to  6  000  ft.  of  levee,  and  have  a .  locomotive 
take  the  spreader  on  two  round  trips,  the  usual  speed  being  from 
10  to  12  miles  per  hour. 

Very  much  more  permanent  and  expensive  blanketing  of  levees  is  to 
be  found  on  the  Sacramento  Eiver,  California.  In  Reclamation  District 
307,  near  Lisbon,  about  15  miles  below  Sacramento,  a  length  of  a  little 
less  than  3  miles  of  levee  has  recently  been  completed.  This  keeps  out 
the  back  waters,  in  which  there  is  little  current,  but,  on  account  of 
the  width,  the  wave  action  is  relatively  severe.  The  blanketing  was 
begun  about  July  Ist,  and  finished  about  December  1st,  1911,  and 
consists  of  700  000  sq.  ft.  of  reinforced  concrete  4  in.  thick.  (Fig. 
56.)  The  reinforcement  was  a  No.  10  gauge  wire,  6  by  6-in.  mesh, 
known  as  the  Clinton  Electrically  Welded  Fabric.  The  concrete 
was  a  1:2:5  mixture,  with  rock  brought  by  train  from  Oroville 
to  Sacramento  and  thence  by  barge  to  the  work,  and  cost  there 
about  $1.50  per  cu.  yd.  The  Eeclamation  District  furnished  the  cement 
and  reinforcing  material,  and  the  contractors,  Eichard  Keating  and 
Sons,  of  San  Francisco,  did  all  the  other  work.  Mr.  P.  N.  Ashley, 
County  Surveyor  of  Yolo  County^  Woodland,  was .  engineer.  This 
covering  cost  13  cents  pet  sq.  ft.,  tot  a  total  of  about  $94  000,  or  ap- 
proximately $32000  per  mile.  Thic;  leverage  hei^t  6f  the  levee  was 
22  ft. 

TABLE;  16.*— Statement  of  Charges  on  Account  of  Operation 
OF  Mammoth  Gravel  Pit,  from  October  15th,  1906,  to 
Jttly  15th,  1907,  Inclusive. 


Labor  of  gaDgs  in  pit  getting  out  gravel $S8  812.46 

Use  of  tools,  v%  on  above  labor 466 .  86 

Wages  of  trainmen  in  pit *  —  t. 8  106.91 

Wages  of  enginemen  in  pit ^ 2  111  .66 

Wages  of  operators,  etc.,  at  pit r < 897.19 

Rental  of  engine  in  pit. .• : 2  202.60 

Rental  of  steam  shovel  in  pit. ; : 3  457.60 

Fuel  furnished  for  pit  engme...> ^ ......  t 4  495.14 

Fuel  furnished  for  steam  shovel < .  i ;...,... 1  594.41 

Material  purchased  for  pit  eni^ne repair \.'. $184.68 

Material  purchased  for  steam  shovel 648.90 

Miscellaneous  supplies ^. .,....:;. .  6  890.88 

Miscellaneous  pit  engine  supplies. 287.98 

: 7  862.89 

On  store  department  expense,  6% 898.10 

Shop  repaira  to  steam  shovel , 727.19 

On  shop  expense,  109^ ;....; , 72.78 

Freight  on  material  shipped  to  pit 6  846.86 

Miscellaneous  credit <.......... 119. 7U 

I 

; '  < 

Total ., 965  927.68 
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GRAVEL  SPREADER 

USED  IN 
CONSTBUCTINO,  LEVBEB 


END 

ELEVATION 


Fio  52. 
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T43I«E  17. — Carloads  oy  Gravel  Shipped. 


Month. 


October . . . 
November. 
December., 


i9oe. 


January . . 
February 

March 

April 

May 

June.....< 
July...... 


1907. 


Total. 


To  Oalifomia 
Development 
. .  OomiMHiyt 


857 
1  171 


1  &28 


ToEpes 

Randolph, 

Agent, . 

sTP.  Co. 


» •  • » 
b98 


479 
756 

1  849 

2  178 
2082 
1  062 

289 


9206 


To  Southern. 

Pacific 
•  Company. 


18 
718 


644 
728 
800 
114 
288 
527 
59 


8  889 


Totals. 


357 
1  189 
1811 


1128 
1482 
2149 
2292 
2268 
1609 
298 


14  078 


The  following  is  a  detail  of  charges  for  royalty  to  Epes  Randolph, 
Agent,  S.  P.  Co.:  . 

Value  of  tracks  in  Mammoth  gravel  pit,  prop- 
erty of   S.   P.   Co $16832.00 

Interest   6n   $16  83^.00   fot    1   tnorith 
at  6%  per  annttm. ..;..:.. .... $Y6.74 

Deprckjiation     on     $16  832.00     for     1 
month  at  5%  per  annum ....:.       70.13 


$145.87 
Interest   from   December   1st,   190$>    to   July 

15th,  1907,  7i  months 1  094.03  • 

Total    number   .of   cars .  removed   by 

Epes  Randolph,  Agent,  S.  P.   Co., 

9  206,   or. ............... .. .....  $0.11883  interest  per  car. 

Charge  for  gravel,  J.  cent  per  cu.  yd., 

30  cu.  yd.  per  car,  or. 0.30         royalty  per  car. 


Total  royalty  charged  per  car $0.41883 

Average  cost  per  car,   $56  927.53   divided   by   14  073   = 
$3.9741014  per  car. 

In  blanketing  the  levees^  5  285  carloads,  or  185  000  cu.  yd.,  were 
used.  Of  this,  4  803  carloads,  or  168  000  cu.  yd.,  were  used  on  the  16 
miles  of  main  levees^  or  10  800  cu.  yd.  per  mile,  and  482  carloads,  or 
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17000  cu.  yd.,  on  the  1.6  tiailes  of  spur  levee,  or  10  633  cu.  yd.  per 
mile. 

Wing  Levees, — In  addition  to  blanketing  the  levees  with  cementing 
gravel,  wing  levees  of  gravel  were  built  out  into  the  brush,  at  intervals 
of  about  400  ft.  Their  purpose  is  to  check  the  flow  of  water  in  the 
V-shaped  section  between  the  trees  along  the  near  toe  and  the  water 
face  of  the  levee.  Brush  abatis  work  was  not  considered  sufficiently 
permanent. 

Telephone  Line, — A  two-wire,  metallic-circuit,  telephone  line  was 
constructed  along  the  land  toe  of  the  levee  after  the  gravel  blanketing 
was  finished.  The  location  was  imfortunate,  as  the  rapid  growth  of 
willows  and  other  bulb  vegetation  just  behind  the  levee  caused  con- 
siderable annoyance  and  expense.  It  would  have  been  much  better 
to  have  put  the  line  on  the  land  slope,  about  9  ft.  from  the  center  of 
the  levee. 

At  each  mile  post  a  6  by  8-ft.  wooden  tool  and  telephone  house  was 
put  up,  and  white  boards  were  nailed  to  telephone  poles  at  points  half 
way  between,  to  mark  the  ends  of  the  patrol  beats.  When  floods  are 
expected,  sacks,  tools,  etc.,  can  be  distributed  and  kept  in  these  houses, 
but  between  times  it  was  found  impracticable  to  leave  anything  but 
the  telephones  on  account  of  malicious  and  thieving  pa8ser6*by.  It 
was  also  found  that  the  heat  in  these  houses  during  the  summer  was 
sufficient  to  melt  down  and  spoil  many  of  the  rubber  receivers,  so  that 
only  metallic  ones  are  now  used. 

General  Data, — The  total  length  when  complete  was  16  miles  of 
main  levee,  having  an  average  height  of  8  ft.  and  an  average  muck- 
ditch  yardage  of  from  one-third  to  one-fourth  of  the  main  section, 
and  1.6  miles  of  spur  levee,  with  a  heijght  of  from  20  to  4  ft.  and  a 
muck-ditch  yardage  of  about  16%  of  the  main  section.  The  quantities 
and  costs  of  the  extension  work  after  the  ^e<iond  break  were  as  follows : 

164  600  cu.  yd.  muck-ditch  excavation  at  18J  cents. 
49  700     "    "        "        "      refilling,  which  was  twice  handled, 

at  10  cents. 
443  000    "     "    embankment  at  from  18i  to  26}  cents. 
166  700    "    "     original  specification  at  18i  cents. 
100  800    "    '*    wide  check  at  19  cents. 
164  546    "    "    checkerboard  system  at  26|  cents* 
9.66  miles  of  clearing  and  grubbing,  $2  000. 


i*. — ComrecTOTO  Cbannkl  Eboded  Between  Ihtehbdpted  Bobbow-Pitb 
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Enlarging  Main  Canal  and  Building  Secondary  Leve^  on  Canal 
Bank, — On  November  26th,  1906,  the  Delta  cut  its  way  into  the 
Main  Canal  just  below  the  Boundary  Line  and  commenced  deep- 
ening it  and  building  a  secondary  levee  on  its  river  side  beginning 
at  the  coucrete  head-gate  and  working  down  stream.  It  reached 
the  Lower  Heading  and  connected  the  levee  bank  with  the 
north  end  of  the  Hind  Dam  in  May,  1907,  and  Started  back,  improv- 
ing the  work  at  various  places  and  continuing  this  until  July  2l8t, 
1907.  This  levee  was  built  in  exactly  the  same  way  as  those  around 
the  Keclamation  Districts  of  the  Sacramento  Hiver,  and  was  made 
with  a  minimum  height  of  3  ft.  greater  than  the  main  levee  opposite 
along  the  river  bank.  Though  not  a  very  efficient  construction,  it, 
nevertheless,  will  serve  to  prevent  water  from  getting  into  the  Main 
Canal  from  breaks  in  the  main  levee  until  they  can  be  repaired.. 

Criticism  of  Levee  Work  i>one.— 'All  parties  interested  assumed 
that  the  Harriman  interests  were  doing  work  in  the  capilcity  of  a 
contractor  for  the  United  States  Government,  and  not  in  any  sense 
in  its  own  behalf,  and  that  the  engineers  of  the  Reclamation  Service 
were  "available  for  consultation."  Certain  pf  these  engineers,  indi- 
vidually, criticized  the  excavation  of  the  borrow-pits  on  the  land  sid^ 
of  the  levee,  and  so  a  request  was  addressed  to  the  U.  S.  Beclamation 
Service  for  a  Consulting  Board  to  consider  the  situation  and  make 
recommendations.  Such  a  Board  was  appointed,  all  being  members  of 
the  Service,  consisting  of  A.  P.  Davis,  W.  H.  Sanders,  D.  C.  Henny, 
and  Francis  L.  Sellew^  Members,. Am.  Soc.  C.  E.  This. Board  inspected 
the  works  then  tinder  way,  and  on  January  10th  reported,  recommend- 
ing among  other  things  that: 

"4.  Borrow-pits  should  be  on  the  water  side,  berms  between  them 
of  greater  width  than  the  pits,  and  care  should  be  taken  not  to  disturb 
the  vegetation  on  the  berms,  which  should  also  be  protected  at  frequent 
intervals  with  barbed-wire  fences  of  4  to  6  wires,  the  bottom  of  which 
is  at  the  surface  of  the  ground    *    *    *. 

"7.  The  levees  now  built  should  be  provided  with  cut-off  trenches 
under  the  water  slope  and  later  provided  with  sheet-piling  reaching 
below  borrow-pits    *    ♦    *. 

**8.  All  levees  should  be  blanketed  with  gravel  on  water  slope 
and  railroad  track  maintained  on  the  levee.'' 

I 

The  clearing  for  half  o:^  the  extension  work  was  done  at  thip  time, 
and  the  work  already  started  was.  continued  as  theretofore.     Fear  of 
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erosion  trouble,  because  of  borrow-pits  on  the  river  side,  and  corre- 
spondence with  the  New  York  office  of  the  Harriman  Lines,  resulted 
in  the  appointment  of  another  Consulting  Board  consisting  of  Messrs. 
L.  C.  Hill,  W.  H.  Sanders,  and  F.  L.  Sellew,  Members,  Am.  Soc.  C.  E., 
of  the  U.  S.  Eeclamation  Service,  and  William  Hood,  M.  Am.  Soc.  C.  E., 
Chief  Engineer  of  the  Southern  Pacific  Company,  which  met  at  Yuma, 
thoroughly  examined  the  work,  and  reported  on  February  14th,  among 
other  things,  as  follows: 

"Existing  Levee  Between   Cement  Head-Oate  and  Dam  Across 

Lower  Intake. 

"Spur  dikes  (traverses  between  borrow-pits)  to  be  increased  in 
width  to  at  least  50  ft.  on  top  and  to  be  at  least  4  ft.  in  height  above 
the  general  level  of  the  original  surface  of  the  ground,  and  to  extend 
at  least  800  ft.  northerly  from  the  northerly  edge  of  the  borrow-pits, 
and  in  this  300  ft.  no  borrow  to  be  made  on  either  side  of  this  levee 
and  no  brush  to  be  cut  outside  of  the  limits  of  the  slope  stakes. 

"The  end  of  the  levee  and  for  some  distance  on  the  sides  on  each 
side  near  the  end  to  be  thoroughly  brushed. 

"These  cross-dikes  to  be  not  to  exceed  600  ft.  apart,  and  where  now 
located  essentially  farther  than  this,  an  intermediate  cross-dike  to  be 
put  in    *    *    *. 

"An  abatis  work,  being  in  effect  a  wire  and  brush  wing  dam,  shall 
be  built  from  a  point  on  the  slope  of  the  levee  nearest  the  river,  situated 
well  above  high  water,  and  such  wing  dam  pointing  down  stream, 
approximately,  per  local  conditions,  at  an  angle  of  45  degrees  to  the 
levee. 

"This  to  be  made  with  suitable  posts  or  stakes  driven  into  the  levee 
and  between  the  levee  and  existing  trees  and  thence  by  assistance  of 
trees  acting  as  posts  or  stakes  and  suitable  barbed  wire  fencing  in 
two  lines  not  less  than  2  ft.  apart,  and  the  whole  filled  with  brush 
thoroughly  wired  down. 

"These  wing  dams  to  occur  at  no  greater  distance  apart  than 
500  ft.    *    ♦    ♦. 

"Levee  Below  Dam  Across  the  Lower  Intake,  This  Being  Partly 

Completed  and  Under  Construction, 

"The  same  remarks  as  to  spur  dikes  and  abatis  work  apply  as  stated 
above  with  reference  to  existing  levee  between  the  cement  head-gate 
and  the  dam  across  the  lower  intake     *    *    *. 

"For  the  levees  as  constructed,  material  has  been  taken  from  the 
land  side  instead  of  the  river  side,  as  recommended  by  the  previous 
Consulting  Board  of  the  Reclamation  Service. 
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^'As  these  conditions  now  exist,  the  present  recommendations  are 
with  a  view  to  make  the  levees  as  secure  as  practicable  under  present 
conditions  *  *  *.  As  to  the  still  unconstructed  portion  of  the  lOJ 
miles  of  levee  now  intended  to  be  constructed  southwesterly  from  the 
dam  across  the  lower  or  Mexican  intake,  this  unconstructed  portion 
being  several  miles,  we  recommend  and  expect  that  the  recommenda- 
tions of  the  Consulting  Board  of  the  Reclamation  Service  as  to  the 
position  of  the  borrow-pits,  position,  depth  and  character  of  muck- 
ditches,  and  all  other  matters,  be  strictly  complied  with." 

Accordingly,  the  additional  levees,  constituting  4.11  miles  at  the 
south  end,  were  built  with  muck-ditch  under  the  river  slope  and  with 
borrow-pits  on  the  water  side  of  the  levee.  These  pits  are  100  ft. 
lengthwise  of  the  levee,  with  spaces  between  them  100  ft.  in  width,  on 
which  every  care  was  taken  not  to  disturb  the  vegetation  to  the  water 
toe  of  the  levee.  This  method  of  borrow-pits  is  known  locally  as  the 
^^checkerboard"  system.     (Fig,  39.) 

It  is  obvious  that  the  checkerboard  system  requires  an  average  haul 
of  excavated  material  of  about  175  ft.  in  excess  of  that  required  by  the 
ordinary  plan. 

According  to  comparative  tests,  this  increase  in  length  of  haul  and 
inconvenience  in  handling  teams  resulted  in  increasing  the  cost  of  work 
about  6i  cents  per  cu.  yd.  for  embankment  only,  or  approximately  30% 
of  the  cost  of  team  work. 

It  was  deemed  advisable  to  complete  the  main  levee  high  enough 
to  be  beyond  danger  of  overtopping  by  floods  before  doing  anything  - 
on  the  spur  levees  between  the  land  side  borrow-pits .  recommended  by 
the  Consulting  Board  on  February  14th.  About  the  middle  of  Hay 
bids  were  asked  for  constructing  them  (described  in  the  first  item  of 
the  report  of  the  second  Consulting  Board) ,  and  the  lowest  bid  was  $40 
per  acre  for  clearing,  $80  per  acre  for  grubbing,  and  31  cents  per  cu. 
yd.  for  embankment,  making  their  estimated  cost  between  $12  000  and 
$12  500  per  mile  of  main  levee.  Accordingly,  a  third  Consulting  Board 
was  requested,  and  was  appointed  by  Mr.  A.  P.  Davis,  Chief  Engineer 
of  the  Reclamation  Service,  consisting  of  C.  E.  Grunsky,  Consulting 
Engineer  to  the  Secretary  of  the  Interior;  L.  C.  Hill,,  and  F.  L.  Sellew, 
which  Board  met  on  June  19th  and  recommended  as  follows : 

"1.  That  in  lieu  of  the  general  system  of  cross-dikes  recommended 
by  the  second  Consulting  Board : 

"(a)  To  complete  at  once  the  cross-dikes  now  being  constructed 
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about  500  ft.  southerly  from  the  south  end  of  the  Clarke  dam,  inaking 
it  10  ft.  wide  on  the  top  and  giving  it  the  sanae  height  as  the  crest  of 
the  spur  levee  with  which  it  connects; 

"(b)  To  construct  a  second  cross-dike  about  500  or  600  ft  southerly 
frpm  the  first,  also  10  ft.  wide  on  top  and  with  a  height  the  same  as  the 
crest  of  the  spur  levee  with  which  it  connects;  .    . 

"(c)  To  construct  cross-levees,  with  crest  at  least  4  ft.  above  made 
ground  (tope  10  ft.  wide)  between  the  main  levee  and  the  secondary 
levee  [along  the  east  bank  of  the  mai?i  canal  from  the  concrete  head- 
gate  to  the  north  end  of  the  Hind  Dam.  H.  T.  C],  near  or  on  the 
southerly  bank  of  the  old  upper  Mexican  intake,  arid  a  second  within 
about  1 000  ft.  of  the  southern  end  of  the  secondary  levee.'' 

This  recommendation  was  carried  out. 

Summer  Flood  .  of  1907. 

The  levees,  including  the  secondary  one  along  the  Main  Canal  and 
the  cross-levees  mentioned  in  the  recommendations  of  the  last  Con- 
sulting Board  of  the  Eeclamation  Service,  were  completed  on  July  21st, 
1907,  and  the  Epes  Eandolph,  Agent,  fund  was  closed.  The  Delta  con- 
tinued deepening  the  Main  Canal  and  at  the  same  time  raising  and 
strengthening  the  secondary  levee  on  its  river  side  for  3  months  longer, 
hut  it  was  estimated  that  the  cost  of  such  work  balanced  the  deepening 
of  the  Main  Canal  done  while  strengthening  the  same  secondary  levee, 
prior  to  that  date.  After  that  time  all  charges  for  maintenance  and 
operation  of  the  head-gates  and  levee  system  were  made  by  the  Me:Eican 
Co.  against  the  C.  D.  Co. 

The  flood  of  1907  was  a  record  one  in' total  discharge,  and  probably 
would  have  been  in  gauge  height  reached  at  Yuma  had  it  not  been  for 
the  unusual  conditions  lower  on  the  river.  The  old  channel  of  the  Col*- 
orado  was  considerably  higher  than  usual,  from  the  point  of  diversion 
to  the  Gulf,  the  erosion  since  the  diversion  and  until  the  coming  of  the 
summer  flood  being  of  not  much  importance.  It  had  b^eri  silted  by  the 
very  small  quantity  of  water  carried  as  the  re-diversion  became  more 
and  more  a  reality,  and,  in  addition,  it  was  apprieciably  taised  by  the 
flood  of  December  5th  which  stranded  quantities  of  heavy  silt.       * 

The  vegetation  of  the  lower  delta  lands  depends  on  the  annual  over- 
bank  flows,  and  these  lands  had  not  been  covered  for  two  seasons,  due 
to  the  river  diversion  north  of  the  delta's  dividing  ridge,  much  of  the 
light  vegetation  had  perished,  and  large  tracts  of  the  region  had  been 
burned  over.    In  designing  the  levee  system  it  was  deemed  conservative 
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practice  not  to  take  into  account  any  such  increased  overbank  flow, 
and  to  consider  tliat  the  whole  channel  would  be  much  less  efficient 
and  would  deepen  much  more  slowly  than  usual  under  the  coming  sum- 
mer flood,  on  account  of  the  fact  that  the  bed  had  been  undisturbed  for 
2  years,  and  hence  was  compacted  and  dry.  Cross-sections  are 
shown  on  Plate  L.  However,  the  flood  of  1907  came  up  very 
gradually,  and  eroded  the  bed  most  satisfactorily,  and  an  extraordi- 
nary quantity  of  water  went  overbank,  particularly  to  the  west 
because  df  the  greatly  decreased  vegetation.  It  thus  happened  that 
this  record  flood,  confined  between  levee  banks  only  1 600  ft.  apart,  rose 
to  only  an  average  of  about  6 J  ft.  below  the  top  of  the  levee,  varying 
from  a  miniintim  of  6  ft.  to  a  niaximum  of  7  ft.  The  water  got  against 
the  levees  fo!r  their  whole  length,  however,  testing  the  muck-ditch  con- 
struction thoroughly,  and  in  no  case  was  any  weakness  apparent. 

The  water-table  throughout  the  region  was  raised  above  the  bot- 
tom of  the  borrow-pits  in  many  places,  so  that  a  considerable  (Quantity 
of  water,  in  some  cases  2i  ft.  in  depth,  slowly  seeped  into  these  pits. 
This  water  was  always  perfectly  clear,  came  in  very  slowly,  and  gauge 
readings,  kept  in  many  of  them  and  in  pits  nearby,  showed  that  the 
levels  in  them  fluctuated  with  the  adjoining  water-table  at  all  times. 
As  the  flood  went  down,  these  waters  lowered  and  disappeared,  and  a 
rapid  growth  of  willows  started,  so  that  a  very  large  part  of  the  borrow- 
pits  is  now  overgrown  with  a  dense  growth,  many  bushes  attaining  a 
height  of  20  ft.  in  2  years. 

Much  difficulty  has  been  found  in  keeping  Indians  from  clearing 
away  such  growths  and  Utilizing  the  borrow-pits  as  garden  patches. 
Indeed,  the  Mexican  offilcials  practically  take  the  position  that,  though 
the  land  is  private  property  belonging  either  to  the  Mexican  Co.  or 
the  C.  M.  Co.,  the  nomadic  Indian  tribes  have  for  many  years  been 

free  to  live  their  Gipsy  life  therein;  that  the  levee  system  has  cut  off 

"    ' '  •  .'  ■   ■     ■    ■  ■'''.. 

the  annual  inundation  on  which  these  people  depended  for  their  gar- 
den crops;  and  that  it  is  unreasonable  to  insist  on  preventing  them 
from  taking  these  borrow-pits  for  gardening  purposes,  particularly  as 
they  are  prevented  from  making  clearings  and  utilizing  inundated 
land  in  front  of  the  levee. 

A  very  striking  occurrence  wad  the  complete  filling  up  of  the 
diversion  channel  between  the  river  and  the  Hind-Clarke  Dam.  In 
many  places  this  was  more  than  45  ft.  in  depth  and  probably  averaged 
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20  ft  for  2  800  ft  up  and  down  the  river  and  3  300  ft  at  right  angles 
thereto,  an  area  of  210  acres.  When  this  summer  flood  had  passed^ 
there  was  only  a  little  pool  about  5  ft.  de^  immediately  above  the 
Hind-Clarke  Dam  where  the  water  had  been  deepest.  Two  years  later 
this  area  was  so  densely  overgrown  with  willows  that  it  was  extr^nely 
difficult  to  believe  that  the  break  ever  occurred  there.  Until  this  silting 
up  in  front  of  the  Hind-Clarke  Dam  began,  numerous  small  boils  ap- 
peared in  the  sand  bar  formation  behind  the  Hind  Dam.  These  at 
no  time  were  of  any  importance,  and  soon  ceased,.  Behind  the  Clarke 
Dam,  practically  no  seepage  whatever  occurred. 

The  very  slight  percolation  of  water  under  these  structures ;  was 
rather  surprising  and  very  gratifying,  considering  their  non-homogen- 
eous structure  and  the  character  of  theii*  foundation.  ,  Nevertheless,  it 
accords  with  the  experience  with  the  wooden  and  concrete  h^ad-gate 
co£Per-dams,  and  the  pumping  of  water  into  the  Main  Canal  to  keep 
the  Alpha  afloat,  namely,  that  seepage  through  the  alluvial  soil,  of  the 
region  is  remarkably  small. 

The  water-table,  for  considerable  distances  on  each  side  of  Uie 
river,  rises  and  falls  with. the  water  surface,  especially  during  the 
summer  floods,  with  small  lag  in  time.  The:writer  has  always  con- 
sidered these  two  facts  incongruous,. and  has  never  been  able  to, find 
a  satisfactory  explanation. 

IMaini-enance  OP  Levees. 

Until  the  summer  flood  of  1907  had  passed,  the  levees  were  very 
carefully  patrolled,  watchmen  being  stationed  night  and  day  at  each 
telephone  house.  A  considerable  store  of  timber,  large  and  small,  has 
always  been  kept  at  the  Lower  Heading  until  recently,  and  a  store- . 
house  containing  a  large  quantity  of  shovels,  picks,  crow-bars,  track 
tools,  and  lanterns  has  been  maintained  at  the  upper  end  of  the  Hind 
Dam.  Li  this, ,  from  20  000  to  60  000  sacks  are  always  kept,  being 
drawn  on  for  use  in  the  valley  and  replenished  to  avoid  deterioration 
from  long  storage.  Until  a  number  of  flashy  floods  had  passed,  a  work, 
train  was  always  ordered  from  the  Southern  Pacific  on  reports  from 
the  head- waters  indicating  large  rises  in  the  lower  river,  and  sacks 
were  taken  from  the  storehouse  and  distributed  up  and  down  the 
river,  500.  at  each  tpolhouse.  Confidence  in  the  effectiveness  of  the 
dikes  soon  grew, ,  so.  that  this  is  no  longer  being  done, 


6. — Secokd  Clostko.    Heis  DevHiOpbii,  S  Txbt. 
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In  spite  of  the  gravel  blanketing^  vegetation. starts  up  slowly,  and 
is  kept  down  by  constant  bnt  relatively  inexpensive  work.  Consid- 
erable annoyance  is  caused  by  insects,  particularly  large  burrowing 
ants  which  make  great  ant-hills  and  holes.  These  are  destroyed  by 
pouring  gasoline  into  the  holes  and  burning  it. 

As  the  value  of  rock,  in  repairing  breaks  or  in  river  protection 
work,  to  prevent  the  side  cutting  of  banks  from  breaching  the  levees, 
made  it  advisable  to  have  a  large  quantity  ready  in  the  Andrade 
quarry,  about  50  000  cu.  yd.  were  blown  out  ready  for  handling  by 
steam  shovels.  This  was  done  by  "coyoting''  or  driving  3-ft.  tunnels 
horizontally  about  30  ft  into  the  foot  of  the  rock  face,  at  intervals  of 
60  ft.,  and  driving  <;ross-tunnel8  at  ihe  ends,  10  ft.  on  each  side. 
These  cross-tunnels  were  loaded  with  black  powder,  which  was  all  ex- 
ploded  at  one  time.  All  this  rock  has  been  taken  away,  and  has  left 
the  quarry  with  a  practically  vertical  face,  averaging  60  ft.  in  height 
for  a  length  of  1000  ft.,  a  very  satisfactory  condition.  An  Americap 
Hoist  Company's  10-ton-  steel  deriidc  with  a  60-ft.  boom,  erected  to 
handle  this  rock,  proved  very  eflScieiit  and  satisfactory.  The  railroad 
north  of  Andrade  was  raised  above  flood  heights,  the  quarry  Jines  were 
thrown  over,  and  a  track  was  laid  on  the  top  of  the  concrete  head- 
gate,  striiigers  being  laid  on  the  cellular  pier  walls.  This  track  was 
connected  with  that  on  the  levee,  so  that  a  train  could  be  Ibaded  at 
the  qvtatrj  and  run  over  the  conci:ete  head-gate  and  down  the  levee 
system,  using  the  main  line  of  the  Inter-California  Railroad  only 
for  that  portion  lying  on  the  Hind-Clarke  Dam.  In  the  fall  of  1907 
this  railroad  was  reconstructed  and  repaired  from  Calexico  to  Cbcopah, 
and  extended  through  to  the  end  of  the  spur  levee.  The  track  from 
this  point 'to  Hanlon's  Junction  wias  taken  over  by  the  Southefm 
Pacific  Company;  in  accordance  with  arrangements  made  when  the 
branch  line  was  built.  For  this,  c6nsisting  of  6.1  miles  of  main  line  and 
2.1  miles  of  siding,  the  Inter-California  paid  the  C.  D.  Co.  approxi- 
mately $65  000.  When  this  w&s  done  the  branch  line  was  no  longer 
available  for  use  by  the  irrigation  company,  but  the  right  to  use 
the  east  track  or  siding  on  the  Hind-Clarke  Dam  was  retained,  and 
the  Intelr-California  was  specifically  released  from  any  obligation  to 
maintain  the  dam. 

It  certainly  is  not  often  that  a  diversion  head-gate  carries  a  main- 
line, standard-gauge  railroad,  and  the  fact  that  this  does  will  give 
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some  idea  of  its  size.  By  thus  utilizing  it, :  the  heaviest  carloads  of 
rock  from  the  Andrade  quarry  can  be  hauled  over  the  levee  system, 
and  be  independent  of  the  Inter-California  tracks. 

The  Southern  Pacific  Not  Beimburssd  by  the  United  States 

Government. 

Early  in  1907,  a  bill*  was  introduced  before  Congress: 

"To  reimburse  the  Southern  Pacific  Company  the  amounts  ex- 
pended by  it  from  December  first,  nineteen  hundred  and  six,  to  Novem- 
ber thirtieth,  nineteen  hundred  and  seven,  in  closing  and  controlling 
the  break  in  the  Colorado  Eiver. 

"Be  it  enacted  by  the  Senate  Mid  House  of  Kepres^ntatives  of  the 
United  States  of  America  in  Congress  assembled,  That  the  sum  of 
one  million  six  hundred  and  sixty-three  thousand  one  hundred  and 
thirty-six  dollars  and  forty  cents  is  hereby  appropriated,  out  of  any 
money  in  the  Treasu2*y  not  otherwise  appropriated,  to  reimburse  and 
pay  the  Southern  Pacific  Company  the  amounts  paid  by  it  from  De- 
cember first,  nineteen  hundred  and  six,  to  November  thirtieth,  nine- 
teen hundred  and  seven,  in  closing  and  controlling  the  break  in  the 
Colorado  River  and  thereby  saving  the  overflow  and  destruction  of  the 
Imperial  Valley  in  southern  California." 

This  bill  was  referred  to  the  Committee  on  Claims,  of  which  Hon. 
James  M.  Miller,  of  Kansas,  was  Chaii^an,  and  consideration  was 
begun  on  February  24th,  1908.  At  thip  hearing  Mr.  Maxwell  Evarts, 
Counsel,  of  the  Harriman  Lines,  Mr.  P.  G.  Williams,  of  the  Account- 
ing Department,  who  had  been  in  charge  of  the  accounts  of  the  Epes 
Bandolph,  Agent,  fund,  and  the  writer,  appeared  to  make  explana- 
tions and  present  for  examination  vouchers  covering  all  items  of  ex- 
pense. President  Eoosevelt  was  frank  and  open  in  urging  the  justice 
of  the  claim,  but,  of  course,  was  not  advised  as  to  whether  such  amount 
of  money  had  been  expended.  Everyone  else,  however,  seemed  to  be 
very  much  afraid  of  the  matter.  The  Committee  on  Claims  desired 
information  as  to  the  character  of  the  work  done  and  the  fairness 
of  the  charges  therefor,  and  asked  the  Secretary  of  the  Interior,  James 
K.  Garfield,  to  have  the  Reclamation  Service  Engineers  investigate 
and  make  a  report.  The  reply  was  that  no  funds  were  available  for 
that  particular  kind  of  work.  Accordingly,  President  Roosevelt  asked 
Secretary  Garfield,  F.  H.  Newell,  M*  Am.  Soc.  C*  E.,  Director  of  the 


*  H.  R.  18  907,  60eh  Congress,  1st  Sessfon. 
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Reolamation  Service,  and  Mr.  Walcott,  formerly  head  of  that  Service, 
to  take  up  the  matter  and  report  on  what  the  Government,  as  a  matter 
of  moral  and  eqnitahle  obligation,  should  pay  for  the  service  ren- 
dered. President  Hoosevelt  at  the  time,  March  11th,  in  a  letter  to 
the  Chairman  of  the  Committee  on  Claims,  advised  him  that  this 
had  been  done;  recalled  the  dire  need  for  immediate  action  at  the 
time;  stated  that  nego^ations  with  Mexico  were  then  under  way  for 
future  action  in  concert  betweai  the  two  nations;  that  he  did  not 
think  the  Southern  Pacific  people  should  be  obliged  to  wait  for  the 
conclusion  of  these  negotiations .  between  Mexico  and  the  United 
States,  with  regard  to  future  action,  but  that  a  rough  estimate  ahould 
be  made  as  to  what  the  United  States  should  pay  as  reimbursement 
to  the  Southern  Pacific  Railroad,  and  that  it  was  an  act  of  justice 
to  deal  generously  in  the  matter,  for  the  railroad,  by  its  prompt  and 
effective  work,  rendered  to  a  threatened  community  a  notable  service 
which  could  in  no  other  way  have  been  dona  To  facilitate  matters, 
Mr.  Evarts  agreed  with  the  Committee  that  Mr,  Grunsky,  who  had 
been  Consulting  Engineer  of  the  Secretary  of  the  Interior  on  all 
Reclamation  Service  matters  until  a  few  months  previous,  and  who, 
of  all  Government  engineers,  knew  most  about  the  Lower  Colorado 
River  and  the  operations  of  the  Southern  Pacific  Company,  should  be 
engaged  by  the  Committee  to  report  on  the  work  done  and  the  ex- 
penditures, and  that  Mr.  Evarts  would  advance  the  expenses  of  such 
investigation  and  report. 

Mr.  Grunsky,  with  the  assistance  of  the  American  Audit  Company, 
of  New  York  City,  investigated  the  accounts,  and  reported  on  April 
1st  that  the  structures  along  the  river  were  adequate  and  efficient, 
and  fulfilled  their  intended  purposes;  that  additional  protective  work 
would  have  to  be  done  in  the  near  future;  that  charges  incurred  prior 
to  December  7th,  1906,  and  subsequent  to  July  21st,  1907,  were  not 
properly  chargeable  to  work  done  as  a  result  of  correspondence  be- 
tween the  President  and  Mr.  Harriman;  that  the  quantities  of  ma- 
terial, such  as  rock,  gravel,  and  earth,  covered  by  the  expenditures  could 
not  then  be  ascertained  by  measurement  of  completed  structures  with 
any  degree  of  precision;  that  the  records  presented  by  the  company 
showing  the  (Quantity  of  rock,  gravel,  and  clay  put  into  the  work 
from  day  to  day. from  January  27th  to  July  18th,  1907,  during  which 
time  practically,  all  the  work,  of  closing  the  second  break  and  com- 
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pleting  the  protection  work  was  done,  constituted  a  reasonable  check 
on  the  bills  rendered,  and  that  the  number  of  carloads  of  material 
handled  prior  to  January  27th,  1907,  was  no  doubt  correctly  reported; 
that  a  fair  basis  for  all  charges,  everything  considered,  wouM  be  cost 
plus  the  usual  10%  for  superintendence,  tools,  etc. ;  that  this  basis  had 
been  followed  in  the  accounts,  with  the  exception  af  the  freight,  which 
had  been  billed  at  tariff  rates  and  really  dionld  have  been  made 
at  0.5  cent  per  ton  per  mile;  that  the  accounts  revised  and  corrected 
according  to  the  foregoing  showed  the  total  net  expenditures  to  be 
$1 083  67a.97,  exclusive  of  interest. 

TABLE  18. — Expenditures  on  the  Colorado  Eiver  Work 
Subsequent  to  December  1st,  1906. 


Labor $276,810.12 

Materials  and  supplies 861  960.04 

Fuel .S8  888.58 

Freight  charges  on  supplies  and  materials 618160.84 

Ffeight  fuel 19  078.00 

Transportation  ; , 18  895.28 

Work-train  service 7  627.17 

Rental  of  equipment » •. tO  607.64 

Commissary  supplies  and  labor 8  866.27 

Trackage 81  ftJliW 

Construction  of  additional  levees  (contract) 266  878.66 

Officers'  and  clerks'  salaries , 8  449.06 

Office  expenses 1  279.20 

Traveling  expenses; ► •  1 437.65 

Sundry  expenses 1  091.89 

Duties ;..^  84  717.45 

Total i. 81 686  068.11 


Mr.  Grunsky's  report  was  clean-cut  and  fair^  the  inclusion  of 
freight  charges  at  tariff  rates  being  done  against  the  writer's  advice. 
The  Committee  on  Claims,  therefore,  now  had  definite  ideas  as  to 
the  work  and  cost.  The  report  to  <  President  Boosevelt  from  Messrs. 
Garfield,  Newell,  and  Walcott  (dated  March  17th),  and  mentioned  in 
his  letter  of  March. 11th,  ds  to  the  fair. proportion  to  be  repaid  the  rail- 
road,, was  forwarded  to  the  Committee,  and,  after  reviewing  the  situa- 
tion, including  the  exchange  of  telegrams  between  Mr.Harriman  and 
Presideiit  Roosevelt. on  December  19th  and  20th,  1906,  states: 

"Under  the  circumstances,  we  do  not  feel  justified  in  attempting 
even  in  a  rough  way  to  approximate  the  burden,  other  than  to  state 
that  the  principal  beneficiaries  are  six  in  number:  (1)  The  settlers 
in  the  Imperial  Valley;  (2)  the  Southern  Pacific  Co.;  (3)  the  Cali- 
fornia Development  Co.;  (4)  the  Mexican  Corporation;  (5)  the  Re- 
public of  Mexico,  and  (6)  the  United  States.  Not  considering  the 
settlers  in  the  valley,  we  have  five  diistinct  entities  among  Whoni  the 
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boirden  might  be  distributed  more  or  less  equally.  Thus,  a  rough 
estimate  might  apportion  to  the  United  States  20  per  cent,  of  the  money 
expended  to  reimburse  the  Southern  Pacific  Company  for  the  actual 
expen/ditures  of  repairing  the  break  in  Mexico.  Such  proportion  would 
fully  comply  with  your  suggestion  that  the  United  States  Government 
should  act  generously  toward  the  Southern  Pacific  Company,  for  by 
prompt  and  effective  work  it  rendered  a  notable  service  to  the  threat- 
ened community  of  settlers  in  the  Imperial  Valley,  quite  regardless  of 
the  ultimate  benefit  of  such  action  to  the  railroad  company  itself/' 

This  recommendation  has  always  seemed  remarkable  to  the  writer. 
The  land  interests  in  the  Imperial  Valley  on  both  sides  of  the  Bound- 
ary Line  represent  fully  two-thirds  of  the  present  property  values  which 
had  been  threatened;  the  Southern  Pacific  Company  about  one-sixth; 
tlie  United  States,  through  its  Laguna  Weir,  about  one-sixth; 
the  C.  D.  Co.  and  the  Mexican  Co.  nothing,  because  they  were 
both  bankrupt,  and  the  Eepublic  of  Mexico  practically  nothing 
because  its  interests  conserved  were  wholly  prospective,,  as  well  as 
tiiose  of  the  United  States  as  far  as  irrigable  land  farther  up  the 
river  is  concerned.  Furthermore,  it  was  known  that  $950  000  had  already 
been  subscribed  by  the  people  and  corporations  in  Imperial  Valley 
when  the  President  called  on  Mr.  Harriman  to  start  work,  as  he  did, 
and  at  once  stopped  such  subscription.  It  is  obvious  that  the  railroad 
could  at  this  time  in  no  possible  way  collect  anything  from  any  other 
source  than  the  United  States  for  such  work,  so  that  such  payment  as. 
might  be  made  by  the  United  States. will  represent  the  grand  total 
reimbursement.  Just  why  this  Committee  eliminated  the  land  owners 
and  then  considered  the  remaining  five  entities  as  being  equally  con- 
cerned has  always  seemed  remarkable,  especially  because,  when  two 
years  later  another  call  for  help  from  Imperial  Valley  came  to  Presi- 
dent Taft,  Congress  at  once  appropriated  $1000  000  to  protect  the  land 
owners  primarily  and  almost  exclusively. 

The  Committee  took  no  action  in  the  matter  until  Congress  ad- 
journed, and  two  years  later,  at  the  next  session,  another  bill  was  pre- 
sented, this  time  in  the  Senate  (Senate  417,  Sixty-first  Congress). 
The  matter  was  gone  over  again,  and  the  bill  with  the  amount  cut  to 
$773  647.25,  or  71.4%  of  that  reported  by  Mr.  Grunsky,  passed  the 
Seriate.  The  House  Committee  on  Claims  made  a  favorable  report. 
Five  members  of  the  Committee  submitted  a  minority  report  on  Jan- 
uary 28th,  1911,  stating  that  they  did  not  think  there  was  any  legal. 
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equitable,  or  moral  obligation  on  the  part  of  the  Government  to  pay 
the  railroad  company  any  amount  whatever  for  closing  the  break;  that 
ezi)enditure8  were  made. neither  at  the  request  of  the  Government  nor 
for  its  benefit;  and  that  the  appropriation  of  such  sum  would  be 
"purely  a  gratuity,  a  gift  of  the  people's  money  to  the  Southern 
Pacific  Railroad  Company    *    ♦    *, 

"We  oppose  this  proposed  gift  to  the  Southern  Pacific  Bailroad:Co. 
as  well  as  all  other  gratuities  to  private  enterprise." 

The  bill  did  not  pass  the  House. 

Damages  Caused  by  the  RuiJaway  River. 

The  first  damage  caused  by  the  diversion  of  the  river  was  the 
flooding  of  the  salt  beds  and  the  gradual  burying  of  the  entire  plant 
of  the  !N*ew  Liverpool  Salt  Company  in  the  bed  of  the  Salton  Sea. 
The  property  was  probably  worth  about  $126  000. 

As  the  waters  continued  to  rise,  they  began  to  threaten  the  main 
line  of  the  Southern  Pacific  Company  throughout  the  basin,  and  in 
July,  1905,  they  reached  the  rails  for  a  considerable  distance.  Shoo- 
flying  was  begun  and  continued  from  time  to  time,  nothing  very  ag- 
gressive being  attempted  because  of  optimistic  advices  as  to  when  the 
river  would  be  under  control. 

Shooflies  Nos.  1  to  7,  inclusive,  were  at  an  elevation  of  — 250  ft.  or 
more.  Shoofly  No.  11  is  39  miles  long,  and  follows  the — ^200-ft.  con- 
tour, being  determined  on  when  the  probabilities  of  controlling  the 
river  before  the  summer  flood  of  1906  seemed  to  be  rapidly  decreasing. 
It  was  built  in  February  and  March,  1906,  and  was  located  with  a 
view  to  being  safe  from  the  rising  waters  for  at  least  two  years,  the 
estimates  being  based  oh  the  discharge  records  of  the  river  at  the 
time  of  building.  As  a  matter  of  fact,  some  sections  of  the  track  a 
few  feet  below  the  — 200-ft.  contour  were  in  trouble  in  the  latter  part 
of  October,  the  water  then  being  47.5  ft.  higher  than  when  the  Unie 
was  surveyed.  When  the  second  break  occurred,  Shoofly  No.  12,  48.9 
miles  loiig  and  following  the — 100-ft.  contour,  was  hurriedly  surveyed 
and  graded  during  January  and  Tebruary,  1907,  the  outside  drainage 
work  being  completed  on  April  1st.  Track  material  for  this  had 
been  gathered  at  each  end^Mecca  and  Imperial  Junction— during 
S(»ptember  and  October,  1906,  when  Shoofly  No.  11  was  threatened. 
Practically  none  of  the  bridging  was  put  in  on  this  latter  work,  and 
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when  only  about  4  miles  of  track  were  laid  it  seemed  that  the  river 
control  work  would  prove  effectual,  and  work  was  consequently  ordered 
stopped. 

The  railroad  company  also  suffered  damage  along  the  branch  line 
between  Imperial  Jimction  and  Calexico.  At  the  crossing  of  the 
Alamo  Kiver  north  of  Brawl^  the  track  was  moved  ffve  times,  the 
present  alignment  constituting  a  shoofly  2  706  ft.  long,  and  introduc- 
ing 105°  of  curvature,  as  compared  with  16°  40^  originally.  A  few 
miles  south,  the  enlargement  of  the  New  Biver  channel  made  it  neces- 
sary to  construct  three  shooflies,  the  last  one  being  9  086  ft.  long  and 
containing  121°  of  curvature,  as  compared  with  11°  in  the  original 
alignment. 

The  total  expenses  incurred  along  the  Salton  Sea,  exclusive  of 
the  cost  of  grading  Shoofly  No.  12,  were  as  follows: 

Year.  Labor.  Material.  Totals. 

1906     $148183.71 

1906  $181300.37    $307  763.58    489  063.95 

1907  49  876.96     37  678.08     87  554.04 

$724  801.70 

The  damages  sustained  on  the  Imperial  Branch  were  as  follows: 

Tear.  Labor.  Material.  Totals. 

1905     $6914.01 

1906  $19  222.37     $9  986.63     29  208.90 

1907  2  597.13       145.76      2  739.89 

: — : $37  862.80 

The  Inter- California  Eailroad,  beginning  at  the  International 
Boundary  Line,  was  damaged  more  or  less  seriously  for  about  10  miles, 
the  details  being  as.  follows: 

Entirely  rebuilding  the  road  through 
Calexico  and  Mexicali  and  beyond, 
being  cost  less  value  of  material  re- 
covered  $  82  822.49 

Repairs  to  remainder  of  first  10  km.,  in- 
cluding water  supply 4  259.76 

Repairs    from    10-km.    point    to    14-km. 

point 21 163.73 

$108  245.98 
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Thus  the  damage  sustaiBed  by  the  Southern  Pacific  on  permanetit 
way  alone,  and  n<rt.  inchidiBg  interruptions  to  traj£c>  or  expenses  of  any 
kind  incurred  by  delayed  trains,  etc.,  was  $762  664.50,  and  by  the  Inter- 
Calif  omia  $108  245.98,  making  a  total  of  $870  910.48. 

In  addition  to  such  damages,  the  trains  of  rock  haulied  during  the 
3  weeks  of  the  first  closing  and  more  than  2  weeks  of  the  second  closing, 
or  more  than  5  w^eks  in  all^  were  given  rights  of  way  over  all  except 
passenger  trains,  and  the.  slower  of  these  were  very  frequently  delayed 
in  order  to  hurry  material  to  the  front.  The  demand  on  t^e  equipment 
of  the  road,  was  tremendous,  particularly  during  the  second  closing, 
when  there'  were,  in  rock-train  service,  1 000  flatcars,  300  '1>attleships,'^  4 
steam  shovels^  10  work  trains,,  excltisive  of  rock  trains  from  the  quarries 
other  than  at  •  Andrade,  etc;  Indeed,  for  about  10  days,  practically  no 
freight  wHfS  hai:^led  out  of  the  Pott,  of  San  Pedro  because  of  lack  df 
equipment  The  degree  of  the  strain  is  shown  by  a  telegram  the.  wiCter 
received  from  the  Superintendent  of  the  Los  Angeles .  Division,  jiist 
before  the  second  closing  was  accomplished,  asking  information  as: ftfr 
in  advance  as  possible  'Vhen  work  will  slow  up  because  I  want  to  make 
arrangements  to  resume  operating  the  division." 

About  3  000  acres  of  cultivated,  land  and  10  000  acres  of  unculti- 
vated and  public  lands  were  practically  destroyed  and  rendered  unavail- 
able for  agricultural  purposes  under  existing  conditions,  the  total  value 
of  which  depends  on  whether  the  present  or  prospective  worth  is  con- 

■  #  ■      •  •  •    '  • 

sidered.  Perhaps  a  very  fair  figure. would  be  $50  per  acre  fpr  culti- 
vated land  and  $10  i)er  acre  for  raw  lands,  making  the  total  damage 
to  the  land  about  $250  000.  , 

Various  individual  settlers  in  Mexico  and  the.  United  States  suffered 
more  or  less  severe  injury  from  inundation  of  crops,,  etp.,  as  distinct 
from  land  damages,  and  these  probably  amounted  to  not  more  than 
$150  000.    A  number  of  claims  for  damages  sustained  on  the  American 

•  ...  ,1 

side  of  the  line  were  combined  in  a  suit  totaling  $490  000,  but  this 
included  damaged  lands  estimated  at  prospective  rather  than  real  and 
present  figures.  Judgment  has  just  (October,  1912)  been  rendered  for 
a  total  of  $78  000. 

The  most  serious  injury  done  to  settlers  was  the  entire  stoppage  of 
the  water  supply  in  the  canals  of  Districts  Nqs.  6  and  8  from  the 
Bummer  of  1906  until  January,  1907.  No  claim  was  ever  presented  for 
these  damages,  and  nothing  more  than  crude  guesses  can  be  made  as  to 
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the  amount.  The  result  practicaliy  forced  the  depopulation  of  more 
than  30  000  acres  of  land,  of  which  about  X2  000  acres  ^^re  undbr  cul- 
tivation* The  effect  on  the  development  of  the  valley  at"  the  time  was 
not  very  great,  but  fear  of  repetition  of  a  break;  6&  much  ^as  anything 
else;  has,  until  recently,  Tetarded  the  region  to  a  considerable  extent. 

Because  of  the  tremendous  expenditure  involved  in  re-diverting 
and  holding  the  river  in  its  course,  up  to  December  6th,  1907;  when  the 
^SoTithiern  Pacific  advanced  funds  for  the  work  directly  instead  of  to  the 
C.  B:  Go.,  the  original  $200  000- loan  to  the  0.  D.  Od. 'had  grown  to 
$1 100  000,  and  this  was  swelled  by  later  bills,  interest j  etc.^  to  approxi- 
mately $1375  000,  by.  January  1st,  1909.  In  addition  to  '©wing  this 
lair^e  sum  for  cash  actually  advanced,'  and  for  which  paiyment  could  not 
be  disputed  successfully,  a' judgmient  for  $468.24)6.23,  in  favor  of  the 
New  Liverpool  Salt  Company  had  been  rendered  in  the  United  States 
District  "Court  toward  the  end  of  November,  1S07,  and  there  ^were 
claims  from  the  Southern  Pacific  Company  and  others  aggregating 
$1360  000,  two-thirds  of  which  were  from  the  laitteir  ootttpany.  ^  Thfe 
runaway  river  rendered  hopelessly  bankrupt 'the  CD.  Co.  and  the 
Mexican  Co.  »'  :.:;:•. 

•      "•-       •••■.•;•    i.BE^EFITS.  :  •  .  •/ 

To  almost  every  cloud  there  is  a  silver  liniiig,  and  this  is  no  excep- 
tion. It  is  now  known  that  the  diversion  would  have  occurred  very  soon. 
The  event  showed  the  existence  and  nature  of  the  danger  and  the  ne- 
cessity for  guarding  iagainst  it.  Much  more  importiant  was  the  develop- 
ment and  standardizing  of  methods  of  closing  future  crevasses  which 
might  occur.  Incidentally,  the  information  of  this  character  afforded  to 
the  Engineering  Profession  in  general  will  doubtless  prove  of  much 
value,  though  this  cannot  be  considered  as  a  benefit  to  the  reg:ion  in 
question. 

By  far  tte  greatest  benefit  was'  the  erosion  of  the  great  Alamo  and 
New  Hiver  barrancas  and  the  creation  of  the  main  features  of  a  com- 
plete and  comprehensive  drainage  system  for  the  entire  Imperial 
Valley.  The  natural  slope  of  the  ground  is  remarkably  uniform,  with 
a  grade  of  about  5  ft.  per  mile,  and  the  very  small,  shallow  channels 
of  the  iNew  and' Alamo  Eivers  were  the  only  rudiments  of  satisfactory 
drainage,  from  an  irrigation  point  of  view.  The  Salton  Sink  is  the 
natural  drainage  sump  for  the  region,  and  its  absolute  control  should 
have  been   acquired  in  the  very  beginning,  either  by  the  irrigating 
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company  or  by  the  land  holders  of  the  valley.  In  the  litigation  which 
followed  the  destruction  of  the  salt  works,  the  New  Liverpool  Salt 
Company ».  as  owner  of  the  submerged  land,  obtained  a  decree  perpetu- 
ally enjoining  and  restraining  the  C.  D.  Co.  from  diverting  water  from 
the  Colorado  River  in  excess  of  the  substantial  needs  of  the  people  de- 
pendent  on  the  canal  for  water  supply  for  domestic,  irrigation,  and 
such  other  lawfyl  purposes  as  the  san^e  may  be  applied  to,. and  with  a 
further  provision  as  to  the  control  of  the  water  diverted  so  that  it  will 
not  overflow  on  the  lands  of  the  complainant.  Later  proceedings  re- 
sulted in  a  most  remarkable  construction  of  the  last  portion  of  the  in- 
junction,  so  that  now  the  Salt  Company  practically  cannot  object  to 
the  use  of  the  basin  as  a  natural  sump. 


TABLE  19. — Analysis  of  Water  of  New  River. 

Sample  taken  at  Brawliey,  June  6th,  1908,  and  submitted  by  Mr.  F.  W 
Roeding,  Irrigation  Investigations,  Berkeley,  Cal. 


Potassium  Sulphate  very  small,  and       ( 

Sodium  Sulpha^  (Glauber*B  salts),  etc.  f 

Sodium  Chloride  Ccommon  salt) —  

Sodium  Carbonate  (sal  soda) , 

Calcium  Chloride.: '. 

Magnesium  Chloride 

Oftldum  and  Magnesium  Carbonates,  etc.,  large ) 
Calcium  Sulphate  (gjrpsum)  chiefly  f 

SiHca. 


Organic  matter  chars, .  I 

and  ohemioaily  combined  water- f' 


Total, 


Farts  per 

.   looom, 


.■v., 


Providing  for  the  region  an  efficient  drainage  system  to  carry  all 
the  waters  into  the  Salton  Sink  would  have  required  a  large  amount 
of  money — so  larjge  that  the  date  of  its  establishment  would  have  been 
delayed  very  far  into  the  future,  much  too  far  for  the  valley's  real  inter- 
ests. This  is  true  because  it  is  plainly  not  the  business  of  an  irrigation 
company  to  supply  a  drainage  system,  and  all  other  interests  of  the 
valley  are  very  much  divided  because  of  the  mutual  water  company  plan 

I 

of  organization,  and  because  of  the  usual  lack  of  co-operation  among 
fanners.  Furthermore,  the  need  for  drainage  of  irrigated  land  is 
usually  not  recognized  in  time,  and  not  admitted  when  it  is  recognized. 
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Indeed,  in  spite  of  the  rather  alkaline  character  of  the  lands  in 
Imperial  Valley,  as  already  explained,  it  was  not  until  November  1st, 
1911,  that  any  serious  suggestion  was  made  for  a  community  drainage 
canal— in  Imperial  Water  Company  No.  8^M:he  reasons  then  chiefly 
urged  being: 

"The  loss  of  ground  and  bad  appearances  caused  by  the  ends  of  the 
irrigated  lands  being  covered  with  weeds  or  wild  grass  or  perhaps 
nothing  at  all  as  the  result  of  standing  water." 

A  few  spots  in  Imperial  Valley  are  beginning  to  indicate  an  unde- 

■    •     '         .    '  ,       •  •■    ,  ■ 

sirable  increase  in  alkalinity,  and  it  is  most  fortunate  that  the  magnifi- 

cent  main  drainage  ways  of  the  Alamo  and  New  River  channels  exist. 

Salton  Sea. 

From  a  geological  and  spectacular  point  of  view,  the  creation  of 
the  Salton  Sea  in  so  short  a  time  was  one  of  the  most  striking  effects 
of  the  river  diversion.  The  water  filled  the  basin  to  a  maximum  eleva- 
tion of  — 197.4  U.  S.  G.  S.  datum,  or  — 204.2  S.  P.  datum,  the  maxi- 
mum depth  of  water  being  76  ft.  The  total  area  covered  at  this  time 
was  about  445  sq.  miles,  with  a  length  of  50  miles  and  a  width  of  from 
10  to  15  miles.  With  the  exception  of  the  Great  Salt  Lake  and  Lake 
Michigan,  the  sea  was  the  largest  body  of  water  lyijag  wholly  within 
the  United  States. 

The  water  rose  at  the  maximmn  rate  during  the  latter  part  of 
June,  1906,  when  it  gained  nearly  7  in.  per  day,  or  16.4  ft.  during 
that  month.  From  the  reconnaissance  map  of  the  Salton  Sink,  pub- 
lished by  the  U.  S.  Geological  Survey  in  1905,  it  would  appear  that 
the  areas  of  the  various  contours  of  the  basin  are  about  as  follows: 

EleyatioDS.  Square  Miles. 

—280 ■; 0 

—250 240 

—200 446 

—150.!,....!.... ..:....  650 

—100.., ! 920 

—  50!...... 1150 

—  0 ! 1750 

+  30  (old  beach  line) 1950 
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TABLE  2Q.-^ANAi/ysEs  of  Wat?e  fbom  t^e^iSaltos  Sea 
AND  THE  Colorado  River  at  Various  Seasons. 


As  made  by  Dr.  W,  H.  Itoss,  of  the  Agricultural  Experiment  Station, 

University  of  Arizonia,  Tucson,  Ariz. 


Total  solable  aolidg  4t  HO* 
Cent.    Parts  in  100  000 . . 


S 


seo 

II 
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■5-4A 

'IS 

«  a 

ss 

ill 


02.9 


IF- 

Is?. 

li 

o  4>  eS 

lass 


67.4 


u 

a  , 
SI 


o 


8S.i8 


gl 
n  a' 


U 


III 


M.t 


J> 


csIb 


€ 


71.4 


II' 

B% 

m 
111 

>  o 
!? 

o 


IM.B 


.si 


iL 


87.1 


Complete  Analysis  of  Soluble  Salts,  Stated  by  Ions. 

Parts  in  100  000. 


Sodium,  Na 

Potaseium^K.... 

Calcium,  Ca 

Magnesium,  Mg, 
Aluminum,  Al. . . 

Iron,  Fe 

Chlorine,  CI 

Sulphuric,  SO4.. 
Carbonic,  CO,.., 

SUicicSiO, 

Phosphoric,  PO4 


111.1 

19.0 

15.8 

5.6 

7.6 

14.6 

18.2 

8.8 

1.1 

2.1 

1.0 

1.8 

1.8 

2.1 

9.9 

7.5 

4.9 

4.2 

4.6 

7.7 

12.6 

6.4 

8.1 

2.0 

1.2 

1.2 

2.2 

2.8 

0.081 

•  •  •  • 

•  •  «  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  «  •  • 

0.005 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  «  • 

•  «  •  • 

169.7 

20.5 

18.9 

4.5 

6.9 

16.8 

17.5 

47.6 

26.1 

19.4 

7.2 

7.6 

19.7 

86.6 

6.6 

7.4 

8.4 

7.2 

7.7 

10.0 

18.2 

1.2 

4.6 

2.1 

2.1 

8.8 

2.8 

2.2 

0.018 

•  •  •  • 

•  •  •  « 

•  •  •  1 

•  •  •  • 

•  •  •  • 

•  •  ■  • 

16.0 
1.2 
0.8 
2.8 


18.1 

88.8 

10.7 

2.1 


Practically  all  the  water  which  enters  Salton  Sea  comes  from  the 
Alamo  and  New  Rivers,  which,  under  normal  conditions,  are  now 
important  chiefly  as  drainage  channels  for  the  Imperial  Valley.  Fre- 
quently, however,  very  heavy  precipitation  occurs  in  violent  storms  over 
small  portions  of  the  area  draining  into  the  basin,  but  the  run-off, 
though  occasionally  of  *  considerable  quantity,  is  not  relatively  im- 
portant. The  total  Em^nual  inflow  is:  at  present  probably  200  000  acre-ft., 
or  sufficient  to  cover  the  surface  of  the  sea  about  0.7  ft.  in  depth^  while 
the  evaporation  is  probably  between  5i  and  6  ft.  and  the  percolation 
insignificant. 
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TABLE  21.-^0MPostTtbit  of  Ocean  Water. 

(This  table  gives  the  mean  of  77  analyses  made  by  the  Challenger  Ex- 
pedition, Challenger  Report,  Physics  and  Chemistry,  Vol.  1, 1884,  p.  203.) 

Stated  by  Ions.     Parts  per  100  000. 


Sodium  (Na) 

Potdssium  (K}... 

Caleium  (Ca) 

Magnesium  (Hg) 
Sulphate  (SO*).. 
Chloride  (CI).... 
Bromide  (Br).... 
Carbonate  (CO3) 


1071 

89 

42 

180 

270 

1986 

6 

7 

3  500 


Quite  a  little  speculation  has  been  indulged  in  regarding  the  length 
of  time  which  would  have  been  required  to  fill  the  Salton  Sea  had  the 
Colorado  River  not  been  re-diverted.  Most  of  such  computations  are 
based  op  too  low  an  average  flow  pf  the  river  past  Yiima,  ^hic&  it  now 


Fig.  62. 
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seems  '  is  in  excess  of  12  QOO  000  aore-ft.  per  annum.  As  a  matter 
of  fact,  hexwever,  the  inflow  from  tlie  Imperial  Valley  region  will 
constantly  increase,  and  ihe  quantity  evaporated  will  decrease  directly 
with  the  decrease  in  water  surf  ace  exposed,  «o  that  a  balance  will 
be  reached  probably  in  such  time  as  the  inflow  will. average  between 
360  000  and  500  000"  acre-f t.  i)er  annum  from  all  sources,  and  the  ex- 
posed surface  will-  cover  between  60  000  and  80  000  acres*  At  such 
time  the  maximum  depth  of  the:  sea  will  be  between  8  and  10  ft. 

The  gea  has  already  (January,  1912)  fallen  about  22  ft.,  and  has 
expiosed  approximately.  115  sq.  miles  which  were .  under*  water.  The 
salt  beds-  were  disBolved  to  such  an  extent  as  to  render  the  water 
of  the  sea  quite  salt^  unfit  entirely  for  drinking  purposes,  and  it  was 
assumed  that  the  land  which  it  covered .  Would  be  hopelessly  alkaline. 
This  does  not  seem  to  be  the  case,  and  a  very  considerable  acreage 
of  such  exposed  land  is  being  cultivated  with  entire  success. 

Mu<5h  speculation  was  indulged  in  regarding  the  effect  of  this 
body  of.wat^r  on  the  raipfall  and  climate  of  the  Southwest*  A  care- 
leas  consideration  of  the  preoipitation  on  the  drainage  area  of  the 
river,  particularly  that  of  the  Gila  Xvater-shed,  before  and  after  January, 
1905,  might  lead  to  Ihe  conclusion  that  the  effect  is  quite  marked^ 
The  peridd  from  January  1st,  1906,  to  date  has  been  one  of  very 
heavy  *  rainfall  throughout  the  Southwest,  its:  most  remarkable  part 
being  earlj^' in  January^  1905,  which  was  before  the  formation  of  the 
Salton'  Se^i'  Professor  Alfred  J. 'Henry*  points  out  the  fallacy  of 
such  an  opinion,  as  follows: 

"Admitting,  for  the  sake  of  argument,  that  a  oody  of  water 
*  *  *  existed  *  *  *  60  niiles  long,  8  itiiles  broad,  and  say 
^5  feet  deep  on  the  average.  *  *  *  The  cubic  contents  would  there- 
fore be  60  X  8  X  0.0047  ==  2.2  cubic  miles  of  water.  The  normal  an-i 
nual  rainfall  of  Arizona  *  *  *  i$  11.75  inches,  [while  in  1905  it 
was  26.6f  inches],  or  an  exqeas.of  14^85  inches,  an.  amount  more  than 
equal  to  the  normal  annual  rainfall.  *  *  *  As  the  area  of  the 
Territory  is  113,956  square  miles,  *  *  *  the  number  of  cubic 
iniles  of  rain  that  fell  in  Arizona  in  excess  of  the  average  was  *  *  * 
27,  ^  *:^  twelve  times  greater  than 'the  total  volume  of  the 
Salton  Siesa.  r  .Iii  other  words,  the  total  volume  of  the  latter  would 
barely  suflSce  to  produce  onertwelfth  of  the  surplus  rai^u  that  fell  in 
Arizona,,  to  say  nothii;ig  of  the  rainfall  in  adjoining  re^ons.  ^  The. total 


-i *- 


*  **  The^lton  ^ea  and  the  Rainfall  of  .the  Southwest,^*  Monthly  Weather.  Review^  Wash- 
ington; Dedember,  IflOft.  >  *        " 
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amaunt  of  water  now   in   Salton   Sea,   if  uniformly   distributed  in 
Arizopa,  would  cover  the  Territory  to  the  depth  of  about  an  inch  and 

a  quarter,  or  the  equivalent  of  one  good  soaking  rain.^' 

• '  •   I 

As  a  matter  of  fact,  the  area  of  the  Salton  Sea  and  Laguxra 
Maquata  combined  are  insignificant  when  compared  with  that  of 
the  Gulf  of  California,  and  a:re  just  about  as  far  from  Arieona.  Pro- 
fessor Henry  concludes  lihat  the  Salton  Sea  has  increased  l&e  relative 
humidity  in  the  immediate  vicinity  in  a  slight  measure;  that  it  is 
improbable  that  any  considerable  portion  of  the  vapor  it  gives  off 
passes  beyond  the  immediate  confines  of  the  desert;  and  that  there 
might  be  a  tendency  toward  lower  maximum  and  higher  minimum 
temperatures  in  a  narrow  zone  immediately  surrounding  the  sea,  par- 
ticularly on  the  leeward  side. 

International  NEGOTiATioNSi      . 

When  the  Mexican  Co.  obtained  its  concession  from  the  Mexican 
Government,  Col.  Jslcobo  Blanco,  then  Chief  of  the  International 
Boundary  Line  Commission  for  the  Mexican  Govemtnent,  with  head- 
quarters at  El  Paso,  was  appointed  Inspclctor  of  the  Mexican  Co.  and 
its  operations.  In  1906,  Col.  Blanco  died,  and  his  sucicessor.on  the 
International  Boundary  Line  Commiission  was  Senor  Fernando  Beltra^ 
y  Puga,  who  was  also  appointed  his  successor  as  Inspector -of  the  Mex- 
ican Co.  The  writer  considers  this  appointment  an  exceedingly  for- 
tunate one,  as  Senor  Beltran  y  Puga  ia  an  exceptionally  efficient, 
aggressive,  and  fair-minded  man,  and  an .  engineer,  with  whom  it 
has  always  been  a  satisfaction  to  transact  business.  Immediately  on 
his  appointment  he  acquainted  himself  with  the  conditions  along  the 
river  and  with  the  afiairs  of  the  Mexican  Co.,  and  has  always  acted 
promptly  and  with  decision. 

In  the  spring  of  1908  the  United  States  State  Department  ap- 
pointed Mr.  Louiis  C.  Hill,  Supervising  Engineer  of  the  IT.  S.  Reclama- 
tion Service,  to  represent  the  United  States  on  a  joint  commission 
to  work  out  the  provisions  pf.a  treaty  with  M^co  fpr  the  control 
of  the  Lower  Colorado  River,  f  and  an  equitable  distribution  of  its 
waters.  This  appointment '  was  in  line  with  President  Roosevelt's 
promise  to  Mr.  Harriman,  and  wsis  doubtless  iii  a  measure  brought 
about  at  this  particular  time  by  the  failure  of  Congress  to  take  any 
action  on  the  bill  to  reimburse  the  Harriman  interests.     At  the  re- 
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quest  of  the  United  Siates^  the  State  Department  of  Mexico  appointed 
a  Oommissioner,  and  rather  naturally  delected  Befior  Beltran  y  Puga 
to  r^resent  the  Mexican  Government,  this  gentleman's  appointment 
being  made  on  May  7th,  1908,  and  practically  simultaneous  with  the 
appointment  of  Mr.  Hill.  Both  gentlemen  were  instructed  to  act  to- 
gether and  m^e  a  study  of  the  works  and  operations  necessary  to 
complete  international  control  of  the  lower  Colorado  River  and  render 
impossible  la  rq[)etition  of  the  recent  disaster  and  the  complete  utiliza^ 
tion  of  the  waters  of  the  river,  such  study  to  be  in  whatever  detail 
miglit  be  deemed  necessary. 

This  Commission  never  had  a  formal  meeting,  which  is  very  much 
to  be  regretted,  'considering  the  importance  of  the  matter.  Very 
shortly  after-  their  appointment,  the  Commissioners  had  an  iniformal 
meeting'  at  which,  according  to  private  conversations  which  the  writer 
had  with  both  gentlemen,  it  appears  that  Senor  I*uga  submitted,  in 
the  form  of  a  written  memorandum  as  the  basis  for  discussion,  the 
suggestion  that  both  Governments  cancel  the  existing  treaties  regarding 

.      .  .  .  .  ■  •  r 

the  navifeabiliiy  of  the  iiver;  that  regulation  of  the  flow  of  the  river 
by  extensive  Storage  works  in  the  upper  portions  of  the  drainage  basin 
was  desirable-;  that  both  Governments  determine  the  priority  and 
extent  of  existing  Water  rights  and  fix  rules  for  granting  future  water 
rights ;  that  a  joiiit  international  commission  should  make  all  en- 
gineering and  cither'  investigations  necessary,  and  divide  the  costs 
thereof ;  that  all  plans  or  projects  existing  or  proposed  along  the  river 
dhould  be  submitted  to  the  investigation  of  the  joint  commission  J  that 
a  report  be  made  outlining,  in  a  general  way,  the  work  to  be  done, 
for  the  purpose  of  having  a  full  and  complete  treaty  arranged  and  the 
necessitty  definite  appropriations  set  forth ;  and  that  it  would  be 
agreeable  for  Mexico  to  negotiate  a  treaty,  either  preliminary  or 
final,  at  the  earliest  possible  moment.  It  seems,  however,  that  Mr*. 
Hill  could  not  find  time  to  attend  to  the  matter,  nor  were  special 
funds  placed  fet  his  disposal  to  defray  the  necessary  expenses:  At 
any  rate,  two  years  later,  nothing  having  been  done,  on  May  17th, 
1910,  the  Friited  States  Department  of  State  replaced  Mr:  Hill  with 
Mr.  Wilbur  Keblinger,  Secretary  of  the  American  side  of  the  Inter- 
national Boundary  Commission,  with  offices  in  EV  Paso  and  Wash- 
ington. This  change  of  American  Commissioners,  however;  has  not 
had  any  apparent  result  thus  far. 
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;,  It  is  hoped  tbat  diecussiop  Qfithis  p&pex  may  brihg  out  thfe  explana- 
tion for  the  failure,  at  these  representatives  <of;  the.  two  gov^mniients 
even  to  have  a  formal  meeting,  in  the  44-  years  which  have  elapsed 
since  the  Joint  Commission  was  appointed  at  th6'  request-  of  the 
State  Department  of  the  United  States,  Such  explanation  would 
be  particularly  interesting,  because  the  writer  knows.  Mr.  Hill  to  be 
an  unusually  tactful,  courteous,  and  aggressive  gentlemlah,  arid  an 
efficient  engineer,  and  understands  that  Mr^  Keblinger  is  also  an 
unusually  capable  man. 

In  any  event,  there  seems  to  be  no  doubt  that  the  Mexican  Gov- 
ernment has  been,  and  is,  not  onljr  willing,  but  anxious,  to  arrange 
for  a  satisfactory  joint  control  of  the  Lower  Colorado  River,  and  that 
the  responsibility  for  nothing  definite .  having  been  acccMnplished  in 
this  direction,  in  large  measure  at  lea^t,  rests  with,  the  United  States. 

Building  of  Volcano  Lake  Levee. 

•  ■  .  ■  ,      ■  •      •  '•.'•■. 

The. extraordinary  quantity  of  water,  which  got.. into  -Volcano  Lake 
during  the  summer  flood  of  1907.  raised  .it  higher  than  it  had  ever 
before  been  ki^own  to  be,  and  a  large  quantity  of  water  passed  north- 
ward through  the  N.ew  River  outlet.  Furthermore,  a  reconnaissance 
showed  that  the  lar^e  quantity  of  overflow  water  had  started  cutting 
back  'fingers  from  the  Volcano  Lake  .region -toward,  the  river,  which 
indicated  the  probability  of  the  diversion  of  the  Colorado  River  below 
the  divide  of  the  delta  x^one,  along  the  Pescadero,  Abejas,  or  .Paredones. 
Therefore  it  seemed  that  another  portion,  of  the  complete  levee :  system, 
as  originally  planned  by  the. writer  to.  hold  back  the. overflow  \yaters 
of  the  Colorado  from  the  Salton  Basin,  should  be  constructed — that 
portion  from  the  mountains  on  the  west  side  of  the  valley  eastward 
along  the  north ,  of.  Volcano  Lake .  to  the  low-lyiug:  divide  .  .or  rid,ge 
farther  on.  The  CM.  Co.,  however,  objected  to  this,  as  Volcano 
•Lake. is  entirely,  on  its  land  and  its  utilization  for ; irrigating  a  portion 
pf  th^t  company's  lands  was  considered,:  but  found:  inapracticable  be- 
cause of  the  great  variation  in  the  water  surface,  the  inundation  of  a 
pa^  of ,  the  land,  however,  at  flood  times  was.  simple, .  and  permitted 
securing  considerable  pasturage;  The  C.  M,  Co.,  hoT^ev^r,  was  willing 
to  give  the  right  of  way  and  permit  the  construction  of  the  protective 
works  provided  a  permanent  head-gate  were  installed  at  Qerro  Prieto 
through  which  water  might  be  let  into  the  New  River  when  the  lake  was 
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full.  This  was  finally  agreed  to,  and  arrangements  were  completed  under 
which  the  Southern  Paoific  Company  agteed  to  pay  the  Mexican  Co. 
for  constructing  thiB  gate  on  condition  that  the  Mexican  Co.  would 
arrange  to  have  8  miles  of  leVee  to  the  ea&t  Wilt.  This  was  done 
and  the  gate  and  levee  were  completed,  just  before  the  summer  flood 
of  1908  began  to  throw  its  waters  into  Volcano  Lake.  After  one 
season  the  Mexican  Gbvemment  compelled  the  removal  of  this  intake 
gate  and  the  levee. to  be  built  around  in  front  of  it,  so  that  it  is  not 
now  in  service.  Plans  for  the  gate  and  levees  were  presented  informally 
to  the.  Mexican  Government  Inspector  of  the  Mexican  Co.,  Senor  Puga, 
and  it  was  understood  that  their  construction  was  approved  and  per- 
mission verbally  given  to  begin  work  before  filing  maps  and  drawings 
and  having  them  approved  or  changed  as  required  by  the .  Department© 
de  Fomento  in  such  cases-^this  on  account  of  emergency.  It  was  not 
so  understood  by  Sefior  Puga,  and  the  construction  of  the  gate  waa  a 
needless  expense. 

All  this  work  was  arranged  for  and  practically  done  while  Con^ 
gress  was  considering  the  payment  of  the  bills  for  the  second  closing 
and  subsequent  protective  wotk,  and  when  there  was  no  reason  to  doubt 
that  a  fail*  adjustment  would  be  made. 

Keconstbuotion  OP  Irrigation  System. 

As  soon  as  the  river  control  work  was  assured,  arrangements  were 
made  to  ascertain  the  exact  condition  of  the  irrigation  syst^n  of  the 
valley,  and  what  was  •  necessary  and  advisable  to  do  in  connection 
with  it.  Accordingly,  Mr.  F.  C.  Herrmann,  who  was  added  to  the 
engineering  staff  on  February  Ist,  1907,  was  placed  in  charge  of  this 
work.  The  damage  done  by  the  flood  was  confined  almost  entirely 
to  carrying  away  the  flume  by  which  the  West  Side  Main  Canal 
crossed .  New  River,  and  a  similar  flume,  20  miles  north  over  New 
Biver,  carrying  water  from  the  Central  Main  to  supply  Imperial 
Water  Company  No.  8.  To  rebuild  the  latter  was  impracticable  on 
account  of  the  immense  barranca  which  had  been  created  at  the  old 
crossing,  and  it  was  decided  to  enlarge  the  West  Side  Main  and  extend 
it  northward  so  that  all  the  territory  west  of  New  River  would  be 
served  thereby. 

A  wooden  flume,  supported  by  wooden  piliug,  waa  designed  to  cross 
the  New  River  gorge  very  close  to  the  location  of  the  original  flume. 
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carried  away  about  March,  1906;  Work  was  be^n  on  the  structure 
and  rushed  to  completion;  This  flume  is  worthy  of  note  because  of 
its  height,  length,  iand  cost,  as  a  qtiasii-teniporary  structure:  It  is  1  860 
ft.  long  and  the  maidmum  height  of  the  trestle  is  65  ft.  It  supports 
a  rectangular  fluine;  16  ft.  wide  and  6  ft.  deep,  built  of  2-in,  redwood 
lumber  with  ship-lap  joints.  It  has  given  excellent '  service,  and  the 
leakage  has  been  notably  slight  from  the  time  it  wais  first  put  into  service. 

Siirveys  for  the  recdnstmction,  enlaiigeiment,  aJnd  extension  of  the 
West  Side  Main  were  hurried,  and  contracts  were 'let  for  the  work, 
which  was  Well  under  wA^y  when  the  financial  panic  of  November,  1907, 
occurred.  The  contractors  were  forced  into  bankruptcy,  and. the  work 
was  completed  by  their  bankruptcy  trustee,  whidi  caused,  iconsiderable 
delay,  but  water  was  turned  through  the  reconstructed  West. Side  Main 
late  in  December,  1907.  This  canal  is  28  miles  long— 7  miles  in  Mex- 
ico and  21  in  Califomia--and  has.  a  capacity,  varying. from  800  to  400 
sec-ft.,  with  760  000  cu.  yd.  of  earthwork  moved  at.  a  tptal  cost  of 
$86  000,  and  $6000  for  two  temporary  structures. 

Som^  littie  time  later  the  Rose  Levee,;  across  the  .Alamo  channel 
at  Holtville,  was ; reconstructed,  with  a  waste-gate  to  pass  th^.jexcess 
of  water  coming  through  the  Holton  Power  Company's  pldnt  and 
through  the  Alamo  Waste-gate  farther  up  that  channel  in  Mexico, 
and  a  head-gate  for  the  Rositias  Canal.  Both  of  these  are  of  rein- 
forced concrete,  the. Waste-gate  being  of  interesting  design,  and  capable 
of  passing  2  000  secrf t.,  with  a  total  drop  of  20  ft.  In  ihis-  way  water 
which  must  be  furnished  to  the  Holton  Power  Company  under  its 
contract  is  picked  up  below  the  plant  and  utilized  for  irHgation,  as 
was  the  original  intention  when  the  contract  was  made.  These  two 
permanent  structures  and  the  earthen  dam  cost  $66  260. 
^  Another  important  permanent  strufsture,  known  as  the  Seven-Foot 
Drop  (Plates  LII,  LIII,  and  Pig.  63),  was  built  in  thel  Central  Main 
just  south  of  the  Boundary  Line  at  a  cost  of  $23  760,  including  three 
small  structures  adjacent  to  it,  but  not  exactly  a  part  thereof.  This 
structure  takes  the  place  of  a  wooden  10-ft.  drop,  nearly  2  miles  farther 
on,  which,  by  the  way,  had  passed  considerably  more  water  than  it 
was  designed  for  and  was  in  fairly  good  condition  when  removed 
after  8  years  of  service. 

The  chute  of  the  Alamo  Waste-gate  was  repaired  and  again  extended 
down  stream,  the  result  being  a  quite  remarkable  construction,  Plate 
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LI,  which  has  iievjer  shown  any  sigi^is  of  weakness  against  a.  he^d  of 
approxiinately  35 .  f t^  ;  . 

Surveys,  and  Designs  for  Extensions, — At  the  same  time,  surveying 
parties  were. assembled  apd  topography  was  taken,  with  1-ft.  contour  in- 
tervals^ OB  230  sq<  miles.  This  included  the  west  side  of  New  Hiver  and 
a  strip  in  !Uexico  adjoining  the  Boundary  Line  averagin|r  3  miles  wide 
and  running  from  the  West  Side  Main  crossing  of  the  Boundary 
Line  to  about  4  miles  east  of  Sharp's  Heading  and  thence  generally 
following  the  Alamo,  channel  almost  to  the  levee  system  along  the 
river,  the  Alamo  channel  being  carefully  mapped  and  crossrsectioned. 
Much  of  this  work  was  done  in  the  heat  of  the  summer,. five  complete 
surveying  parties  being  on  the  work  until  after  August  Ist,  when  the 
force  gradually  lessened.  A  large  part  of  the  area  was  practically 
cleared  land>  but  much  of  it  was  covered  with  a  dense  undergrowth, 
which  inade  progress  very  slow,  and,  by  cutting  off  the  breeze,  accen- 
tuated the  severe  climatic  conditions.  Nevertheless,,  the  tjost  of  this 
wprk  was  about  57i  cents  per  acre,  or  $37  per  sq.  mile.  This  experience 
showed  that,  while  the  great  summer  heat  there  is  quite  disagreeable, 
it  does  not  render  engineering  field  worii  by  any  means  impracticable, 
and  indeed  does  not  increase  the  cost  more  than  10  per  cent.  One 
agreeable  feature  of  the  very  hot  season  is  that  the  temperature  is  too 
great  for  flies,  so  "diat  they  practically  disappear. 

Cross-sections  and  current-meter  observations  were  taken  at  vari- 
ous points  in  the  Main  Canal  and  in  the  important  canals  of  the 
distribution  systems  of  the  various  mutual  water  companies,  to  de- 
termine capacities,  losses,  etc. 

.  Whi^ri  these  data  were  compiled  and  put  into  form,  estimates  were 
made  for  the  reconstruction  and  enlargement  of  the.  existing  system 
and  for  extenJ&ions  to  cover!  a  great  deal  of 'new  territory.  The  estimate 
for  this  work  was  approximately  $900000  with  temporary  structures, 
and  includilxg  considerable  improvements,  in  the  main  Alamo  channel 
from,  the.  river  to  the  controlling  works  in  the  valley;  and  $2  200  000 
with  permanent  structures  at  essential  points  and  replacing  the  Alamo 
channel  with  an  entirely  n«w  twin  main  canal  from  a  few  miles  below 
the  concrete  head-gate  to  the  mesa  ground  east  of  Sharp's  Heading. 
Whatever  possibility  there  was  of  such. fundamental  reconstruction  and 
extensions  was  dissipated  by  the  severe. ;  fin0ncial  stringency  in  No- 
vember, 1907. 
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These  designs  included  the  construction  of  a  head-gate  on  Mexican 
territory,  and  the  total  abandonment  of  the  concrete  head-gate,  along 
with  diversion,  on  American  soil.  The  head-gate  thus  proposed  was 
just  behind  the  levee,  about  3  miles  below  the  Boundary  Lilie,  with 
a  caisson  founddtioii  supporting  extensive  wing- walls  and  massive  piers, 
between  which  there  were  to  be  large  vertical  gates,  operated  by  gaso- 
line motors. 


ELEVATION  OF  DOWN-STREAM 

'••••'"■  •  END  '      •    >  •.;.•.. 

Fia.  63.    . 

Of  these  designs  the  only  ones  constructed  were  the  West  Side  Main, 
the  Rose  Levee  and  Waste-gate,  including  the  Rositas  Heading  on  the 
Alamo  near  Holtville,  and  the  Seveii-Foot  Drop  in  the  Central  Main. 
The  foundations  in  all  cases  were  merely  concrete  footings  without 
any  sheet-piling,  of  which  the  Seven-Foot  Drop  (Platies  LII  and'  LIII, 
and  Fig.  63),  the  Rositas  Waste-gate  (Fig.  64  and  Plate  LI V),  and  the 
Rositas  Head-gate  (Figs.  65  and  66)   are  quite  typical. 

The  Rositas  Hea.ding  and  Waste-gate  together  cost  $65  250,  and  the 
Seven -Foot  Drop,  together  with  the  little  gates  which  constitute  one 
structure,  cost  $23  760.  Concrete  work,  generally,  has  cost  about  thrte 
times  as  much  iiis  woioden  structures;  it  has  ranged  from  $30  to  $35 
per  cu.  yd.  for  the  entire  cost  of  completed  structures. 
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:  Maintenance  and  Operation- 

Until  such  time  as  the  promised  arrangements  for  river  control 
find  levee  mAinten^oe  by  the  Government  should  be  fulfilled,  the 
operations  of  the  irrigation  interests,  under  instructions  froin  higher 
authorities,  were  made  to  include  levee  maintenance  and  extension  as 
Well  iss  supplying  water  in  wholes^e  to  the  mutual  water  companies. 
The  business  done  by  the  corporations  was  in  this  way  much  more 
varied  thiin  that  of  ttoet  irrigation  companies,  Although  none  of  the 
land  they  owned  was  under  cultivation. 
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Because  of '  the  litigation  which  seemed  inevitable,  and  indeed 
which  had- started  ere  this,  it  was  deemed  essential  to  have  a  complete 
and  satisfactory:  system  .of  accounts.  Inquiries  were  directed  to  4II 
possible  sources  of  information,  including  the  U.  S^  Reclamation  Serv- 
ice, to  discover  a  system  of  irrigation  accounts  similar  in  a  general 
way  td  the  system  of  railroad- accounts  generally  adopted  and.  for  .some 
time  past  made  obligatory  by  the  Interstate  Commerce  Commission. 
No  such  System  was  found.  The  IT.  S.  Reclamation  Service  has  a 
fairly  satisfactory  system  of  construction  accounts,  but  its  work,  as  yet, 
is  almost  exclusively  construction. 
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The  accounting  system,  therefore,  wi«  worked  out,  modeled  closely 
after  the  classi£ed  railroad  accounts.  The  account  numbers  of  the 
Mexican  Co.  are  the  same-  as  those  of  the  C.  D.  Oo.>  except  th&t  one 
thousand  ia  added.  Four  years'  experience/with  it  has  resulted  in  few 
changes,.and  in  its  present  form  it  is  extremely  satiflf actory, .  J«Ack  of 
space  forbids  giving  it  in  full,  as  there  are  14S.  expenditure  apd  16 
revenue  ax^counts. 

,  In  order  to  ascertain  the  cost  of  particular  portions  of  the  work — 
whether  new  construction,  betterments,  or  ordinary  .maintenance — 
special  accounts  are  kept  as  desired,  by  General  Manager's  Orders 
(G.  M.  O.'s).  A  G.  M.  O.  is  asked  to  secure  authority  for,  or  to  secure 
cost  figures  on,  any  particular  piece  of  work,  ^nd  they  are  numbered 
consecutively,  beginning  with  1  for  the  C.  D,  Go.  and  1001  for  the 
Mexican  Co.  The  classified  accounts  and  the  G.  M»  O.'s  are  entirely 
independent,  the  latter  bein^  really  a  second  and  additional  accounting 
for  the  same  expenditure.  G.  M.  O.'s  were  never  asked  for  expenditures 
of  less  than  $300,  and  were  required  for  all  e:Q)enditures  of  certain 
kinds  specified  in  bulletins  issued  from  time  to  time. 

Distribution  was  made  both  to  account  numbers  and  to  G..  M.  0. 
numbers  on  all  payrolls,  material  requisition  blanks,  vouchers  paying 
contractors,  etc.  The  auditor's  office  gathers  these  figures  and  makes 
a  monthly  report,  to  the  general  manager  and  to  the  chief  engineer,  of 
the  expenditures  under  each  account  number,  totaling  \mder  headings. 
A  similar  report,  of  the  receipts,  under  account  letters,  wilii  totals,  is 
furnished  to  the  general  manager.  A  monthly  statement  is  made  up 
and  sent  to  the  general  manager  and  the  chief  engineer  concerning  each 
G.  M.  O.,  giving  a  statement  of  original  estimate,  amount  expended  to 
date,  and  percentage  completed.  Whenever  work  covered  by  G.  M.  O.'s 
is  materially  changed,  a  new  G.  M.  O*  is  gotten  out  accordingly. 

With  such  accounts,  occasional  trips  of  inspection,  to  observe  the 
physical  condition  of  the  system,  will  afford  a  very  complete  knowledge 
of  the  exact  condition  of  the  project  at  all  times: 

The  relationship  between  the  C.  D.  Co.  and  the  various  mutual 
water  companies  was  at  all  times  .very  satisfactory  and  cordiali  until 
the  former  was  thrown  into  the  hands  of  a  receiver,  there  being  one 
exception,  however,  in  Imperial  Water  Company  No.  5.  Differences 
antedating  the  beginning  of  the  railroad  management  and  in  a  large 
measure  due  to  dissensions  between  former  President-  A.  H.  Heber  and 
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his  Boatd  of  Directors,  resulted  in  cdimnencing  litigation  to  compel 
Imperial  Water  Company  No.  6  to  pay  up  back  water  rentals.  TI16 
attorneys  of  the  latter  company,  in  thieir  cross  complaint,  attacked  the 
validity  of  the  mutual  water  company  and  water  stock  plan  of  a  water 
right.  The  suit  was  before  the  United  States  Circuit  Court,  and  in 
rendering  the  decision  the  judge  expressed  the  opinion  that  the  plan 
was  illegal,  and,  piiactically  speaking,  the  C.  D.  Co.  was  a  public  service 
corporation.  This  was  but  an  opinion,  because  the  State  Courts  of 
California  have  to  decide  this  question  fiually,  as  it  is  a  matter  of  the 
Constitution  and  Statutes  of  the  State  of  California  exclusively.  The 
effect  of  this  opinion,  however,  was  to  make  the  Southern  Pacific  Com- 
pany feel  that  it  would  be  unsafe  to  advance  the  large  sums  of  money 
neiedied  to  recioilstruet  and  extend  the  system  on  the  expectation  of  being 
repaid  ultimately  through  the  sale  of  additional  water  stock  to  cover 
the  new  territory  which  would  be  brought  under  the  canal.  This  suit, 
as  much  as  any  other  factor,  is  responsible  for  the  fact  that  practically 
nothing  has  been  do!tie  on  the  betterment  and  extension  work  outlined. 
This  litigation  with  No.  5,  although  begun  in  August,  1906,  has  not 
yet  leached  a  definite  conclusion. 

When  Imperial  Water  Company  No.  1  was  organized,  the  capital 
stock  was  placed  at  100000  shares,  and  the  territory  embraced  within 
its  limits  was  136  000  acres.  Of  the  excess  land,  a  large  part  was 
found  to  be  well  worth  reclamation,  so  that  early  in  1910  no  No.  1  water 
stock  was  available.  Imperial  Water  Company  No.  1  was  unwilling  to 
increase  the  capital  stock  without  obtaining  from  the  C.  D.  Co.  a  con- 
tract  increasing  the  quantity  of  water  it  would  be  entitled  to  demand 
and  so  retain  the  basis  of  4  acre-ft.  per  annum  per  share  of  stock.  It 
was  impossible  for  the  mutual  water  companies  and  the  C.  D.  Co.  to 
agree  as  to  the  proper  division  of  the  "water  rigtt''  receipts  for 
such  36  000  acres,  so  no  relief  was  afforded  to  hona  fide  settlers  who 
had  their  land  ready  and  had  to  have  water  or  lose  their  filings 
under  the  rulings  of  the  TI.  S.  Lalid  Department.  A  trial  suit  was 
instituted,  known  as  Thayer  vs,  C.  D.  Co.,  tvhich  was  decided  in  favor 
of  the  plaintiff  on  March  17th,  1911,  by  Judge  George  H.  Hutton, 
of  Los  Angeles,  sitting  for  Judge  Cole  in  the  Superior  Court  of 
Imperial  Coimty.  Judge  Hutton  in  brief  decided  that  the  C.  D.  Co. 
was  a  public  service  corporation ;  that  the  rate  for  supplying  water 
was   60   cents  per  acre-ft. ;   that   thie   C.   D.   Co.   was   in   a  position 
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to  supply  the.  plaintiff  without  detriment  to  the  other  water  users; 
and  ordered  that  it  do  so.  This  decision  has  heen  appealed  to  the  State 
Supreme  Court.  If  it  is  upheld,  the  mutual  water  company  will  not 
be  a  necessary  factor  in  obtaining  water  from  the  C.  D.-  Co.  This 
decision  has  not  affe<jted  the  price  pf  water  stock  in  the  valley,  very 
materially,  because  the  various  mutual  water  companies  own  the  dis- 
tribution systems,  and  the  difficulties  of  getting  water  from  the  short 
mileage  of  the  C.  D.  Co.  main  canals  through  other  sources  llian  the 
distribution  systems  of  the  mutual  water  companies  are  practically 
prohibitive.  The  decision,  of  course,  absolutely  precludes  e:^n8ion 
of  the  irrigated  area  any  farther  through  such  a  water  stock  plan. 

Seepage  and  Irrigation  Losses, — It  is  very  unf<»rtunate  that  a 
clause  in  all  the  triparty  contracts  requires  the  actual  seepage 
and  evaporation .  from  each  mutual  water  company's  distribution 
system  to  be  reported  after  a  period  of  3  years,  and  that  the  per- 
centage allowance  thus  determined  should  thereafter  be  made,  to 
the  end  that  the  mutual  water  companies  would  pay  .  for  the 
quantity  of  water  which  could  actually  be  delivered  to  the  indi- 
vidual  settlers.  All  the  mutual  water  companies  joined  and  selected 
an  engineer,  Mr.  F.  C.  Scobey,  to  represent  them  in  making  seepage 
and  evaporation  determinations,  and  did  quite  a  little  experimenting 
and  investigating.  The  engineers  of  the  C.  D.  Co.  also  made  numer- 
ous determinations  under  the  direction  of  Mr.  Herrmann,  .  but  for 
various  reasons  no  experimentation  ^as  done  jointly.  The. amount  of 
work  and  expense  involved  greatly  surprised  the  representatives  of  the 
mutual  water  companies,  and.  proposals  of  a .  compromise .  were  made> 
one  thing  helping  to  this  being  that  such  representatives  agreed  that  it 
would  be  distinctly  unsatisfactory  to  have  difiFerent  percentages .  agreed 
on  for  each  of  the  mutual  companies,  as  must  obviousjy  be  the  result. 
The  C.  D.  Co.  was  thrown  into  the  hands  of  a  receiver  just  as  these 
negotiations  were  reaching  conclusion .  on  ihe  basis  of  6%  flat  allow- 
ance. In  the  confusion  following^  the  companies  insisted  on  a  10% 
allowance,  and  this  is  the  present  status. 

The.  results  obtained  by  Mr..  Scobey  have  never  been  given  out, 
but  the  experiments  by  the  engineers  of  the  C.  D.  Co.  showed  a  sur- 
prisingly  small  loss.  It  appears  that  the  very  fine  silt  deposited  in  the 
distribution  systems  of  the  various  mutual  companies  forms  a  prac- 
tically impervious   coating  on  the  sides   and   bottom,   the  measured 
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loss  in  many  cases  being  as  small  as  0.25%  per  mile  and  increasing 
to  a  maximnm  of  1%  per  mile.  From  the  available  experimental  data, 
computation  of  the  losses  from  the  distribution  system  of  Imperial' 
Water  Company  ISTo.  1,  comprising  neariy  375  miles  of  canafe,  gives 
the  total  for  seepage  and  evaporation  throughotit  the  year,  under  pres- 
ent operating  conditions,  as  somewhat  less  than  7  per  cent.  The  writer 
has  no  knowledge  of  so  small  a  loss  by  seepage  being  reported  by  any 
authority  hetetofore.  >  :*. 

The  experience  has  been  that  the  mutual  water  company'  plto  of 
organization  to  distribute  water,  obtaining  it  from  a  larger  compiany 
at  wholesale,  is  highly  Satisfactory,  and  it  is  Commanded  for  careful 
consideration  by  those  who  are  contempliating  irrigation  work^  if  the 
local  laws  will  permit. 

Canal  Mainienance.-^As  far  as  "the  physical  maintenance  of  the 
canal  system'  is  concerned^  it  may  be  said  that  the  average  life  of 
the  redwood  structures,  consisting  of  checks,  drops,  turn-outs,  waste- 
gates,  etc.,  is  about  5  years  for  the  smaller  strttctures  and  8  or  10 
years  for  the  larger  ones.  It  must  be  remembered  that  water  is 
used  every  day  in  the  yeiar,  feo  that  this  experience  has  narrow  appli- 
cation. The  chief  deterioration  is  caused  by  a  sort  of  dry  rot 
beginning  about  1  ft.  below  the  surface  of  the  ground  and  ex- 
tending down  not  more  than  2 J  ft.  It  appears  ihat  deeper  than 
that,  regardless  of  the  quantity  of  water  present,  the  heat  does 
not  become  great  enough  to  caus6  trouble,  and  the  upper  layer 
of  earth  is  nearly  always  so  dry  that  the  wood  is  not  attacked.  In 
the  thih  intermediate  l^y6r,  which  is  both  damp  and  hot,  and  perhaps 

f  • 

where  enough  oxygeii  is  available,  dry  rot  api)ears  very  rapidly,  and 
wood  wet  on  one  side  and  in  contact  with  earth  on  the  other  has  the 
earth  side  damaged  to  a  depth  of  from  i  to  j  in.,  sometimes  in  9  or  12 
months.  Redwood  subjected  to  several  kinds  of  treatment  has  been 
tried,  but  with  little  success.  Oregon  pine,  for  that  portion  of  struc- 
tures covered  by  earth  in  that  region,  rots  very  rapidly  indeed. 

The  chief  lesson  taught  by  the  maintenance  of  the  canals — other 
than  that  the  cost  is  unusually  large  because  of  tule  growths  and  silt — 
is  that  inside  berms  must  be  avoided,  and  when  possible  all  canals 
except  the  sub-laterals  should  have  a  double  or  twin  cross-section.  In 
the  Imperial  Valley  the  absolute  minimum  quantity  of  water  is  ap- 
proximately 25%  of  the  absolute  maximum — a  very  unusual  condition 
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of  affairs.  If  the  sections  are  identical,  it  is  possible  to  use  one  canal 
for  a  long  time,  and  have  it  never  less  than  one-half  full,  and  conse- 
quently the  velocity  of  the  water  is.  never  low  enough  to  deposit  the 
finer  silt.  This  allows  a  sufficient  time  for  cleaning  one  canal  and 
then  the  other  every  year.  When  the  demand,  increases  beyond  the 
capacity  of  one  canal,  both  channels  are  more  than  half  full.  In  this 
region,  therefore,  it  is  possible  with  the  twin  section  to  control  the 
velocity  between  the  excessive  silt-depositing  lower  limit  and  the  bank- 
erosion  upper  limit  with  absolute  certainty.  The  additional  construc- 
tion expense  of  the.  canals  for  the  twin  section  is  much  more  than 
justified  by  the  very  greatiy  reduced  maintenance  charges  thereafter. 

Duty  of  Water. — As  a  basis  for  estimating  the  quantity  of  water 
required  under  the  Yuma  Project,  investigations  were  made,  under  the 
direction  of  the  University  of  Arizona  Experiment  Statioca,  to  deter- 
mine the  water  required  for  various  crops  in  the  Yuma  Valley.  As  a 
result  of  this  work,  it  was  decided  that  for  the  average.  40- acre  unit, 
5.8  acre-ft.  per  annum,  measured  at  the  delivery  box  at  one  comer  of 
the  field,  would  be  required.  Such  a  figure .  is  exceedingly^  interesting, 
but  was  not  obtained  tmder  the  usual  operating  conditions.  Indeed, 
the  satisfactory  delivery  of  water  has  been  made  so  recently  and  in 
such  relatively  small  quantities  iji  the  Yuma  Valley  as  not  to  justify 
any  definite  conclusions. 

Water  has  been  actually  used  in  irrigation  in  Impeirial  Vall^ 
for  more  than  10  years,  and  although. there  seems  to  be  no  reason  why 
the  duty  of  water  there  should  not  b/B  essentially  the,  same  as  in,  the 
Yuma  Valley,  the  quantity  used  in  the  former  is  only  about  half  a9 
much  as  indicated  by  the  experimental  work  mentioned. 

The  crop  census  taken  by  the  Zanjeros  of  Imperial  Water  Company 
No.  1  for  that  district  during  1911  is  as  follows: 

Alfalfa 44 262  acres 

Barley 28  897  " 

Com    12  034  " 

Cotton   .....; \ 6  263  "  . 

Melons ' 2153  " 

'    Vineyards 1352  " 

Truck ; 1 092  '^   ■ 

Asparagus 192  " 

Miscellaneous 3  327.    " 

>  ■  • 

Total    .♦99.572  acres: 
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To  suppfer  thi&  acreage,. the  company  bought  from  the  O.-  D.  Co, 
duciufi:  the  period  274665  acre-ft.  of  water,  or  a^  average.. o|  almost 
e^cactly,  2|  acre-ft.  per  acre  under  cultiYation.  This  L^  net,  aft^  de- 
ducting the  10%  aeepage  and  evapDration  allowance  given  by  the  0.  D. 
Co.,  ais  already  explained.  Of  this  net  quantity,  aooording  to  th^ 
water  company's  report,  ^2.8%  was  delivered  and  charged  to  the  stock- 
holders, making  the  average  quantity  of  water,  used,  measured  at'  the 
f  araxere'  boxes,  2.638  acrerf t* 

The  quantity  of.  water  used. in  irrigation  depends  on  so  very  many 
different  factors-rquality  of  the  land,  natture  of  the  tsrop,  proper  ptepr: 
avation  and  leveling  of  the  land,  and  time  of  irrigation^-that  it  is  only 
by.  such  general  '%ures;ooverihg  large  axeas  that  much  tdngible  in*- 
formation  i<>T  etigineers  is  obtained.  It  must  be  remembered,,  ho weverj 
that  the  wat^  Supplied;  is  charged,  foar  on  a  quantity  basis,  which 
undoubtedly  tends  to  minimize  the  quantity  used,  as  well  as  the  fact 
that  the  farmcrrs  know  they  can  have  all  the  water  they  want  at  any 
time  they  want  it,  every  day  in  the  year.  On  the  other  hand,  water 
users-*-stockholders^ — are  charged  their  pro  rata  of  maintenance  and 
operation  expenses,  r^ardless  of  whether  or  not  they  use  any  water,! 
and  also  for  a  minin!ium  of  1  acre*ft.  per  share  of  stock.  Additional; 
w^ateip  is  60  bents  per  acre^ft.  ' 

The  Use.  of  water  is  increasing  in  this  district,  and  is  in.  large 
nxeasure.'due  to  the- increasing  acreage  in  alfalfa  and  cotton.  The 
figures  are  i  :  .     ; 


L       I 


1909 :. ..  .214  333  acre-ft.,  net. 

'  1910.;'. !.... :.. .236631      "     "  " 

•    1911......'. .:....':274  665      "    «  "' 

■     191^  (Estimated) ,320  000     '^    "      " 

III  ,  •  '  «    ,    '    . 

,.    The  figures  for  other  districts  are  not  available,  but  are  probably 
similar. .  ,    .   ; 

Litigation. 

The  Salt  Works  8uit — The  Nev^  Liverpool  Salt  Company,  whose 
property  was  inundated  and  destroycfd  on  March  8th,  1906;  began  suit 
for  damages  to  the  extent  of  $180000  for  laiid  and  salt -deposits  and 
$30000  for  plant,  <»hanging  the  figures  to  $325  000  and  $76  000^  respect- 
iveiy^  when  the  destruction  blecame  complete.  In  July,  1906,  a  COmpro^' 
misewas  suggested  on  the  basis  of  $50  000  cash,  but  the  management  of 
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the  C.  D.'  Co.  declined  to  consider  it  On  January  10&,  1008,  the 
case  was  decided^  awarding  the  Salt  Company  $456  74fl.2B  dattiiag:e8 
and  $1  500  costs,  and  a  ^rmanent  injtmction  was  issiied  restraihing- 
the  iifrigatioli  companiefs  from  divertiidg  more  water  from  the  Colorado 
than  would  sui]^ly  the  enhstantial  heeds  of  ihe  people  residftfgr  ^n  the 
valley;    Later,  the  United  States  Supreme  Cotirt  affirmed  the  decision. 

Actions  of  the  Southern  Pacific  Oofivpany.'^When  this  adverse  and 
excessive  judgment  had  been  rendered,  it  was  seen  that  the  United 
States  Courts  would  hold  the  C.  D;  Co.: liable  for  all  dabkiBiges  leaused 
by  liie  diversion  of  the  river,  regardleiJs  of  the  fact  that  it  had  okxsurred 
in  Mexico;  All  personal  property  and '  unsold '  water  stoekj  thereof Oire^ 
wais  turned  over  to  the  Southern  Pacific  Company:  at  f air  pf ices,  and 
future  payhaentS'  for  water  rentals  were  assigned  to>the  Southern  iPaci'fic 
Coinpany  until  the  jaoneys  loaned  :by  it  should  have  been'  repaid.  Ai' 
the  same  time,  suit  was  brought  in  the -United  States  Cdurtfdr  dam- 
ages sustained  in  America,  and  suit  was  filed  in  the  Mexieiin  Courts 
for  damageiB  sustained  in  both  Mexico  and  the  United  States,  and 
all  real  xuroperty  in  the  respective  countries  was*  attached.  The  suits 
in  the  United  States  are  still  pending.  Judgment  was  rendered-  in 
the  Meodcan  Courts  for-  $900000,  gold,  against  the  Mexican'  Co.,  and 
enough  property  of  that  company  was  ordered  to  be  sold  to- satisfy 
this  judgment  Another  Metxioan  corporation  was  formed  by  •  the 
Hatriman:  interests,  and  permission  to  hold  the  oonceesion  of  the  orig- 
inal Mexican  Co.  was  obtained  from  the  Mexican  authorities.  At  the 
sale,  held  on  January  28th,  1911,  this  new  Mexican  Comp^py  bid  in 
all  the  real  and  persona}  property  of  the  Mexican  Co.,  including  the 
concessions  from  the  Mexican  Government,  for  the  sum  of  $325  000, 
gold,  which  was  less  than  40%  of  the  judgment  Thus  nothing  now 
remains  of  the  original  Mexican  Co.  except  the  organization,  with  a 
$575  000,  gold,  judgment  against  it,  and  additional  suits  aggregating 
nearly  $2  000000  in  the  Mexican  Courts,  and  absolutely  no  property. 

The  new  Mexican  Corporation,  called  the  Lower  California  Land  and 
Water  Company,  Oompania  de  Terre^os  .y  Agxuis  de,la  Bujct  Oalifdmia, 
Sqciedad  Anonima,  owns  practically  all  the  parent  irrigatiosi  conapany^s 
holdings  in  Imperial  Valley  having  au)r  value,  but  has  not  yet  taken 
possession.  Shortly  after  the  sale  by  Court  decree/ fraudulent  doling 
was  alleged,  and  on  November  18th,  1911,  it  was  -  advertised  that  the 
Judge  of  the   First   Instance   at   Me^icali   would  hear   any   and  all 
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complaints  *  in  the  matter.  No  one  appeared^  and  it  ae^^ns  proli^ble 
that  the  validity  of  the  sale  must  therefore  be  confirmed..  In  that 
event,  the  new  company  will  be  free  of  any  contracts  with  the  mutual 
water  compames>  the  G.  D.  Co.,  or  any  one  else*  and.  is  probably  quite 
beyond  the  reach  of  the  American  Oourts.  This,  however,  means  little 
to  the  water  users  living  in  either  the  United  States  or  Mexico,  as  the 
Mexican  Qbvemment  has  issued  rules  and  regulations  by  which  water 
must  foe  sold  under  the  Mexican  concession,  and  these  fix  the  price  at  50 
cents  per*,  acro-ft.,  and  practically  in  no  wise  affect  the  eondidona  under 
which  American  users  now.  receive  watfflr. 

The  CD,  Co.,  in  that  event,  would  be  a  mere  shell;  it  owns  only  66 
miles  of  main  canals  which  produce  no  revenue  whatever,  cost  no  little 
to  maintain,  and  are  hence  liabilities  instead  of  assets;  it  also  owns  its 
office,  grounds,  and  buildings,  all  of  which  are  under  attachment,  and 
its  liabilities  exceed  $2  000  000. 

Appointment  of  Receiver, — On  December  16th,'  1909,  the  Title  In- 
surance and  Trtist  Company,  trustees  for  the  bond  issue  of  the  C.  B. 
Co.^  applied  to  the  Superior  Court  of  Imperiial  County  to  declare  the 
C.  D.  Co.  insolvent  and  appoint  a  Receiver,  which  application  was 
granted.  The  Southern  Pacific  Company  has  bought  approximately 
$326  000  worth  of  Receiver's  certificates^  which,  together  with  the  major 
portion  of  the  water-  rentals  received  from  the  mutual  water  companies, 
has  kept  the  propei^  going.  Application  has  been  made  to  sell  the 
property,  but  this  has  been  delayed  as  long  as  possible  by  the  attorneys 
representing  the  bondholders,  the  New  Liverpool  Salt  Company,  and  the 
old  stockholders  of  the  C.  D.  Co.  In  a  f eW  months,  however,  it  seems 
probable  that  this  will  be  accomplished. 

Formaiion  of  ImperUzl  Irrigation  District. — ^Because  of  the  various 
difficulties  and  the  serious  litigation,  the  people  of  Imperial  Valley, 
on  July  14th,  1911,  by  a  vote  of  1 304  to  360,  fefected  to  form  the  Imperial 
Irrigation  District.  According  to  the  present  law  of  California,  this 
district  can  condemn  property,  even  of  a  public  service  corporation, 
and  all  taxable  property  within  the  district  is  assessable  for  its  needs. 
It  is  authorized  to  incur  a  bond  issue  of  60%  of  the  assessed  valuation 
of  the  property  of  the  district,  and  the  five  directors  are  elected  by  all 
voters  in  the  district  just  as  in  the  base  of  county  and  State  officials. 
The  assessed  valuation  of  Imperial  County  this  year  is  $16161923;  the 
value  of  its  products  is  $10  000  000. 
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It  is  inten-ded  to  acquire  all  the  property  of  the  C,:D,  Co.  and  the 
main  canals  and  works  in  Mexico,  giving  bands  of  the  Imperial  Irriga- 
tion Bistrict  in  exchange  therefor.  It  has  not  be€>n  decided  definitely 
whether  the  mutual  water  companies  are  to  be  retained,-  or  whether 
the  district  is  to  own  and  controlthe  entire  water  system — 'probably 
the  former  will  be  done.        *  : 

'  The  present  law  of  California,  under  which  this  district  was 
formed,  is  extremely  ititeresting  to  water  supply  and  irrigation  en- 
gineers. It  is-  a  considierably  changed  form  of.  I3ae  Wright.  Irrigation 
Act,  under  which,  some  20  years  ago>  a  number  of  irrigation  districts 
were  created  in  California,  all  of  which  resulted  disastrously.  It  is 
believed  tiiat  in  its  present  form  the  law  is  a  practicable*  brie,  and  ex- 
perience with  it; will  be  awaited  with  much  interest;. 

The  Abejas  Diversion. 

•  '     ,  r  .  I 

The  excessive  overbank,  flow  during  the  summer  flood,  of  1907  started 
cutting  back  fingers,  as  has .  already  been  stated.  •  The  flood  of  1908 
continued:  the  i^ork,  and  made  it  evident,  that  the  deep  finger  which 
first  would  have  its  grade  receded  to  and  through  the: bank  of  the 
Colorado,  and  thus  again  divert  the  entite  river  to  the  west,  ^ was 
one  of  the  feeders  of  the  Abejas,  and  that  such  diversion  would  occur 
about  20  miles,  below  the  International  Boundary  Li^e.       :    ';     . 

The  situation  was  carefully  watched^  and  the  various  interests 
affected  were  fully  advised  of  developments*  Thei  IJnited  States  Qov- 
ernment  had  taken  no  tangible  step  .to  repay,  the  moneys  expended 
in  closing  the  second  break  and  ill  subsequent  l^vee  protection  work, 
nor  anything  definite  whatsoever  with  :the  Mexican  Governmeiit  look- 
ing towaz*d  a  joint  and  satisfactory  control  of  the  situation.  All,  in- 
terests, neverthdess,  seemed  to  feel  that  the  Southern  Paqific.  Cojnpaity 
would  advaniQe  funds  to  protect  the  valley  when  a  critical  Stage  should 
be  reached.  The  writer,  in  local  charge  of  the..  Situation  lor  that  com- 
pany, had  become  fully  convinced  that  the  truest  and  best  interests 
of  all  concerned,  would  no  longer  be  served  by  the  railroad  company 
standing  in  the  breach,  and  recommended  doing  ab^lutely  nothing 
further  in-  protecting  the  valley  than  to  maintain  'the  existing  levee 
system*  In  almost  everything  there  comes  a  time  to,  decline  longer 
to  carry  the  entire  load.  This  recommendation,  was.  approved,  by  the 
higher   ofiicials.     When   the  ^summei? : flood   of   1909 ;,. had,  passed j   the 
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expected  diversion  was  an  accomplished  fact,  and  ad  d  result  the  entire 
low-'water  flow  followed  through  the  Abejas,  spread  out  in  a  wide  sheet 
without  aii^  defined  channels,  gathered  into  Vokano'Lake  and  Hardy's 
Colorado  and  then<je  reached  the  Gulf. 

The  Water  in  the  river  at  the  hreak  dropped  somewbaty  and,  as 
the  river  fell  to  its  low-water  stage,  the  water  surface  for  a  given  dia* 
charge  -  was  found  to  be  unusually  low..  The  reasons  for  this  have 
already  been  explained^  but  were  not  thea.  fully  underiatood.  The 
demand  for  water  in  the  valley  increases  greatly  late  in.Janufcry,  bia 
acscDunt  of  the. barley  crop,  and  a  sericnis  water  shortage. seemed  very 
probable.       , 

Submerged  Weir, — On  .urgent  representations  .  to  .  the  War  De- 
partment^ backed  by  the.re^pnmiendation  of  the . Beclamfttion  Service 
engineers,  permission  was  granted  in  IVfarcbf .  lv!W>;  jbo  build  a  •  tempo- 
rary .obstruction,  in  the  river  opposite  the  concrete  head-gate,  in  ord^r 
to  raise  the  water  a  few  feet  and  increase  the  flow  in  the  canal.  Work 
was  started,  but  the  river  began  rising  and  rendered  it  teinporarily 
unnecessary.  When  the  summer  flood  receded,  in  July,  the  situation 
was  again  critical,  due  to  the  large  requirements  in  the  valley,  and 
work  was  resumed. 

A  trestle  consisting  of  4-pile  piers,  15  ft.  f rom .  center  to  center, 

was  driven,  across  the  river  at  an  ^ngle  of  about  70  degrees.     On  this  a 

'    '  '  •  ■  '•       .'  '         .  '  •  '  ■         '    .   ■  •        '"'•'. 

railroad  track  was  laid,  and  a  little  brush  and  considerable  rocH  was 

dumped  therefrom.     Of  course,  there  was  no  difficulty  in  developing 

a  head  of  2i  ft.     This  weir  or  obstruction  prevented  any  danger  of 

•  '  '■'.'11        •       .  •       '  ,  '  ■  . 

water  shortage  in  the  valley,  but,  not  being  square  across  the  river,  it 
produced  eddy  currents,  just  below  it  on  the  Arizona  side,  which  cut 
away  the  bank  to  sorne  extent  and  necessitated  considerable  expense 
in  bank  protection  work. ' 

The  permission  of  the  Government  was  given  for  this  construc- 
tion, on  the  understanding  that  it  was  to  be  temporary,  arid  t";^ould  be 
removed  before  the  next  spring  flood.  In  Match,  19ll,  all  the  piling 
was  blown  off,  not  pulled. 

Late  iri  101-0/  arrangeiriehts  were  made  to  obtain  the  large  suctidn 

I  I 

dredge,  Imperial,  and  with  it  in  service  no  further  iiiimedi ate- difficulty 
in  diverting  sufficient  water  is  anticipated.     (See  page  1283.)- 

•A  ver3^  important  fact,  however,  was  developed  in  the  construction 
and  attempted  removal  of  this  weir,  namely,  that  the  small  quantity 
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of  rock  dimiped  from  the  treistlea  which  was ,  required  to  raise  a  head 
of  2 J  ft.  at  low- water  stages — ^about  10  000  sec-f t.-rrwas  not  under- 
mined and  did  not  settle  except  to  a  slight  extent  in  a  few  places,  with 
the  summer  floods  of  1911  and  1912i  These  floods  were  ordinarily  large, 
andi  passing  over  it,  had  little  effect  in  taking  it  away*  This  result 
was  su;rprising,  even  to  the  proponents  of  rock  All.  methods  of  building 
weirs.  The  length  of  time  it  finally  requires  to  eliminate  all  effects 
of  this  weir  from  the  river  flow  at  that  point  should  be  kept  track 
of  and  reported  to  the  Profession  from  time  to  time. 

All  Parties  Frightened, — ^AU  the  interests  in  jeopardy  were  now 
thoroughly  frightened.  It  was  finally  realized  that  the  Southern 
Pacific  Company  would  no  longer  supply  money  for  river  control,  and 
that  the  diversion  was  not  only  ah  accepted  fact,  but  that  the  pro- 
phesied lowering  of  the  river  at  the  concrete  head-gate  had  taken  place. 
The  fear  had  been  that  the  bed  of  the  river  would  be  lowered  at  the 
Abe j as  break  approximately  from  5  to  8  ft.  and  that  this  lowering 
would  rapidly  run  back  up  the  river  and  have  such  an  effect  opposite 
the  concrete  head-gate  as  to  prevent  diverting  enough  water  to  supply 
the  needs  of  the  valley.  This  fear  is  now  known  to  have  been  in 
large  measure  unfounded,  as  the  permanent  lowering  of  the  water 
surface  at  the  Abe  j  as  probably  has  not  been  more  than  3  ft.,  and 
opposite  the  concrete  head-gate  not  more  than  2  ft.,  if  indeed  that 
much  at  either  place. 

Another  fear  was  that  the  Colorado  would  now  discharge  directly 
into  Volcano  Lake,  and  during  severe  flood  periods  raise  this  body 
of  water  so  high  that  it  would  flow  northward  and  into  the  New  Eiver 
channel,  thus  cutting  back  a  connection,  permitting  the  river  again 
to  reach  the  Salt  on  Sea,  but  by  a  course  appros;imately  40  miles  longer. 

As  the  summer  flood  came  on,  the  overflow  covering  the  low  lands 
on  each  side  of  the  Abejas,  especially  in  the  vicinity  of  Campo  Lino, 
'  was  higher  than  any  existing  marks  on  trees,  etc.  To  prevent  this 
water  from  getting  over  the  low  divide  to  the  north. and  thence  to  the 
Salton  Basin,  disconnected  portions  oi  the  remaining  g^p  in  the  levee 
line  were  partly  built,  the  C.  D.  Co.  through  its  Keceiver  paying  the 
bills.  While  the  work  was  in  progress,  the  water,  for  long  stretches, 
came  within  a  few  inches  of  the  tpp  of  the  fill  being  thrown. up,  and 
was  held  south  of  the  divide  only  by  strenuous  efforts.    Probably  no 
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?ei7  serious  results  would  hare  followed  in  any  event,  although  the 
New  River  flume  of  the  West  Side  Main  might  have  been  damaged. 

The  people  of  Imperial  Valley  were  now  thoroughly  frightened,  and 
urgent  applications  were  rushed  to  President  Taft,  in  which  the  civic 
and  commercial  bodies  of  California,  especially  Southern  California, 
and  the  State  officials  joined.  These  applications  pointed  out  the 
inability  of  American  ititerests  in  jeopardy  to  handle  a  menace  orig- 
inating  in  Mexico,  and  the  injustice  they  suffered. 

.  Congress  Api^ropbutes  $1 000  000. 

In  response  to  these  applications,  President  Taft  sent  a  special 
message  to  Congress,  and  on  the  eve  of  adjournment  the  two  branches 

.  .  ■  *  * 

of  Congress  joined  in  a  resolution,  approved  June  25th,  1910,  pro- 
viding: 

"That  the  sum  of  $1000  000,  or  so  much  thereof  as  shall  be  neces- 
sary, is  hereby  appropriated  out  of  any  money  in  the  Treasury  not 
otherwise  appropriated,  to  be  expended  by  the  President,  for  the  pur- 
pose of  protecting  the  lands  and  property  in  thei  Imperial  Valley  and 
elsewhere  along  the  Colorado  River;:  within  the  limits  of  l^e  ITaited 
States,  and  tl^e  President  is  authorized  to  expend  any  portion  of  such 
money  within  the  limit  of  the  Republic,  of  !ftfei^ico  as.  he. may  deem 
proper,  ii^.  accordance  with  such  agreements,  for  the  purpose,  as  he  may 
make  wilii  the  Republic  of  Mexico." 

On,  June  8th,  .1910,  the  noting  Secretary  of  the  Interior,  Mr.  Frank 
Pierce,  addzeased  to  the  Prudent  a  communioatiot^  based  on  informa- 
tion and  recommendations  furnished  by  Mr.  Hill,  Superrifflng  En^ 
gineer  of  the  United  StateEi  Reclamation. Service,  advising  as  follows: 

"The  ascertainment  of  what  is  necessary  to  be  done  for  the  purpose 
of  accomplishing  permnnent  avbidance  of  these  recurriiig  menaces 
to  life  and  property  on  both  sides  of  the  International  Boundary  Line 
will  require  a  thorough  examination,  of  physical  conditions^  which, 
to  be  effective,  should  have  the  co-operation  of  both  governments,  and 
will  consume  considerable  time.  In  the  meantime,  unless  prompt  relief 
is  afforded,  a  water  shortage,  if  not  famine,  is  probable  in  the  Imperial 
Valley  witiiiin  the  next  two  months. 

"In  a  country  where  the  heat  reaches  an  intensity  of  120°  and 
even  higher,  the  great  loss  of  property  and  the  menace  to  both  animal 
and  human  life  which  may  result,  should  such  a  catastrophe  occur, 
renders  it  imperative  that  prompt  measures  be  taken  toward  averting 
the  same.    To  that  end,  I  respectfully  recommend  that  you  designate 
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an  engineer  having  familiarity  with  problems  involving  river  control 
to-' proceed  immediately  with  an ,  examination  for  the  purpose  of  de- 
termining whether  such  emergency  exists,  and  if  so,  to  take  the  steps 
necessary  to  avoid  the  same.'* 

On  the  recommendation  of  Gen.  W.  L.  Marshall,  Consulting  Engi- 
neer to  the  Secretary  of  the  Interior,  John  A.  Ockerson,  President, 
Am.  Soc.  C.  E.,  and  for  many  y^ars  Member  of  the  Mississippi  River 
Commission,  was,  on  July  19th,  1910,  appointed  by  Presid0nt  Taft. 
He  at  once  went  to  Yuma,  arriving  there  on  July  30th,  by  which 
time  Mr.  F.  L.  Selle"v^,  Engineer  of  the  Yuma  Project,  on  Mr.  Ocker- 
son's  request,  had  made  a  survey  covering  the  immediate  vicinity  of  the 
C.  D.  Co.'s  intake,  and  had  prepared  a  plat  which  showed  clearly  that 
the  bed  of  the  river  was  above  the  bottom  of  the  head-gates  and  jthat 
the  deficiency  of  water  in  the  canal  was  due  mainly  to  the  silting  up 
of  the  intake  above  and  the  canal  below  the  concrete  head-gate. 

There  were  two  possibilities :  one  was  to  get  dredging  niachinery 
into  place  as  rapidly  as  possible  and  dredge  out  the  canal;  the  other 
was  to  raise  the  w^^ter  in  the.  river  by  a  submerged  dam,.. the  latter 
being  temporarily  necessary  because  of  the  time  required  to  bnild 
dredges  to  do  the  necessary  work.  As  explained,  the  weir  was  begun 
in  the  latter  part  of  July  and  completed  within  a  month,  and  the 
contract  was  not  let  for  an  efficient  suction  -di^edge  nntil  late  in 
December,  the  delays  in  starting  the  latter  being  in  part  due  to  dif- 
ficulty in  arranging  funds  therefor;  and  in  part  dtie  to  a  belief  in  some 
quarters  thaft,  with  the  submerged  weir  '  in  place,  a  dredge  was 
unnecessary.' 

Mr.  Gekerson  made  an  inspection  of  the  Imjierial  Valley  during 
the  latter  part  of  August,  and  abpiit  the  middle  of  that  month  put  out 
a  surveying  party  whicb  ran  a  st&dia  line  along  the  Colorado  Biver 
from  about  6  miles  below  the  Boundary  Line  to  the  Abejas  break; 
thence  down  the  dry  bed  of  the  Colorado  for  about  25  miles;  down 
the  Abejas  River  from  the  point  of  diversion  about  5  miles;  and  made 
several  .cross-sections  of  the  Abejas  for  the  pu,rpose  of  selecting,  the 
best  site  for  a  rock  fill  barrier  dam — all  of  whioh  required  about '6 
weeks. 

On  October  4th,  Mr.  OckeifSph  reported  to  the  Secretary  of  the  In- 
terior that  the  Imperial  Valliey  would  never  be  safe  from  the  menace 
of  western  diversions;  due  to  flood-wat^s  until  amplq  works  were  con- 
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stl'ucted  to  confine '  such  flood-waters  to  narrow  limits  along  the  river 
proper;  that  there  had  been  no  appreciable  lowering  of  the  riverbed 
on  account  of  the  Abejas  break;  that  in  extreme  cases  diversioiis  to 
the  west  mdjght  depress  •  the  low*water  plane  opposite  the  concrete  head- 
gate  and  render  it  dif&ciiltto  supply  water  to  the  linperial  Valley  with 
the  present  diverting  works^;  that  the  maintenance  of  levees  consists  not 
only  in  keeping 'Up  the  ctoss-section^  freeing  it  from  weeds>  brush,  and 
burrowing  animals,  but  also  in  bidding  in  check  the  tendency  of  the 
riv^r  to  erode  the  batiks  and  threaten  to  breach  tiie  leviees;  that  a  levee 
located  3000  ft.  from  the  westerly  bends  of  the  stream  Would  probably 
remain  intact  for  a  long  time;  that  if  the  G.  B.  Go.  levee  line  had 
been  cartied  down  along  the  river  instead  of  where  it  was  built  in  1907, 
it  would  have  reached  a  point  6  miles  b^low  th^  Abejas  break;  and  no 
break  wduld  have  occurred  there;  that  completing  the  upper  levee 
would  undoubtedly "  protect  tJw  Imperial  Vall^  from  floods  for  a 
short  time,  but  'constituted  anly'a  partial  solutioii  of  -  the :  prob*- 
lem,  and  even  that  only -temporarily;  lihat.  Anally,  the  proper  protect 
tion  of  lands  in  the  In^rial  Valley  required  that  the  Golotado  Biver 
be  resio)*ed  to  its  fo^^er  channel  and  an  effective*  lin^  of  levees  be 
built:  from  a  paint  on  the  eiristing  levee  system  about  6  miles  below 
the  International  Boundary  Line  and  following  along  the  west  side  of 
the  stream  to  a  distance  of  about  3  000  ft.  frotn  the 'westerly  beiids 
of  the  riv^,  approximately  25iEiile&)  where  the  flood'height  would  be 
at  an  elevation  below  the  ground  line  in  the  vicinity  of  Volcano  Lake 
and  any'  diversic«i  of  the  x^ater  wduld  not  oavA^  ia  tendency  to  flow 
north. 

It  wias  estimated  iiiat  such  a  levee  would  reiquire  about  1 300000 
cu.  yd.  of  earthwork  and  450  acres  of  clearing  and  grubbing;  and  it 
was  recommended  that  the  top  be  8  ft.  Widie,  the  slopes  3  to  1,  and  thie 
berm  between  the  toe  of  the  8l<^e  and  the  edge  be  40  ft.  widB,  and 
that  borrow-pits  be  on  the  fiver  side,  with  traverses  60  ft.  wide  at 
intervals  Of  406  f  t. 

'  In  commenting  on  the  situation  early  in  September,  1910,  Gen. 
Marshall  recommended  completing  the  northern  line  of  levees,  as  origi- 
nally designed  by  the  writer,  to  prevent  the  water  from  getting  north, 
and  providing  a  suitable  and  practical'  intake  for  the  canals  of  the 
C.  D.  Co.  He  also  suggested  that,  if  the  present  intake  (concrete 
heading)  be  dosed  and  the  Imperial  Canal  bef  Extended  to  the  Laguna 
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Weir,  the  inatt;^  would  be  solved,  as  far  as  American  interedts  were 
involved. 

Biver  Levee  Plan  Adopted,— A  month  later  Mr.  Ockerspn  went. to 
Washington  for  a  conference,  the  result  being  that  the  work  suggested 
by  him  was  ordered  begun.  On  November  26th  bids  for  the  levee  con- 
struction were  opened  in  Yuma.  According  to. the  8peeifioations>  the 
contractor  was  to  assume  all  risks  of  interruption  of  the  work  by  floods, 
and  as  the  season  was  by  this  time  far  advanced,  the.prices  were  deeined 
too  high  and  endeavors  were  made  to  get  the  work,  done  ^n  force  account. 

At  about  the  same  time  it  was  discovered  that  the  Meziean  Gov- 
ernment— as  would  naturidl^  be  exacted — could  not  /sonsiatently  per- 
mit the  :IJnited  States  Government*  ox  any. of  its  officials  acting  as 
such»  to  perform  ^ork  on  !MJezican  soiL  Foi^ .  six  years, :  the  need 
for  making  satisfactory  arrangements  Und  agreements  tiritb.  the  Hexi<- 
can  Government  regarding  the  Colorado  Biver  and  its  control,  and 
proper  and  equitable  division. of  its  waters,  had  been  fully  understood, 
but  practically  np  progress  had  been  made.  Thiat  f a^,  howevery  makes 
it  even  more  surprising  that  requests  on  tbe  part  of:  the^  United  States 
should  have  been  made  to  enter  Mexican  territosy  and  do  work  therein. 
The  difficulty  was  Very  easily  overcome,  of  course,  by  operating  througb 
the  medium  of  a  Mexican  coiporation^  as  the  Soutjiem  Pacific  had 
done,  and  the  G.  M*  Ooj,  which,  as  has:  been  explained,  isa.vQry  large 
land  company,  was. chosen.  Consequently,  nothing  was  dome  in  the 
name  of  the  United  States,  but.  the  ,engi|i|Ber<  in/ chip^gC: acted,  under 
power  of  attorney  from  the  C.  M,  Co.,  there  being  a  .gentleman's  agree- 
ment between  the  United  States  and  the  C.  M.  Co. 

In  this  way,  on  December  12th;  Qontraots  were  aw^ndi^  for  levee 
construction,  the  frst  9  miles,  aggregating  425  000  cu«  yd;^  at  from 
19;  to  22i  cents;  the  next  6  miles,  aggregating. 336 000  cu.  yd.,  at  23 
cents;:  and  the  remainder,  aggregating  325  000  cu.  yd.,  at  36  cents. 
These  figures  were  afterward  .coi^iderably  increased/  the  fotsi.  q^a^tily 
being  1277  984  cu.  yd.,  and  the  total  cost,  including  $^000  paid  for 
duties,  $452  434.  The  work  in  the  immediate  vicinity,  of  .tbe  Abejas 
break  and  the  smaU  quantity  of  grading  on  4  or  f^  miles,  of  temporary 
track  was  done  by  the  C»  M.  Co.  on  force  accounts  President  Lovett, 
of  the  railroad  company,  offered  to  supply,  essentially  at  cost,  all  the 
organization,  men,  equipment;  and.  supplies  required. for  closing  the 
break  and  for  doing  any  other  work  that  might  be.  deemed  necessary. 
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The  Mexican  Government  had  given  assuranxies  to  the  American 
Minister  that  dtities  on  jstock,:  material,  and  supplies  would  be  remitted, 
which  was  considerably  more  than:  had :  be6n  done  when  the  railroad 
bad  the  work  in  charge.  Thie  Government  officials,  however,  were  not 
satisfied  with  this,  and  thought  that  all.  material  should  be  passed 
froc  a  matter  very  much  mote  difficiilt  to  arrange  under  Mexican 
laws,  as  it  would  require  Congressional  action,  and  that  country  was 
already  in  the  throes  of  a  revolution.  However,  after  a  delay  of  2 
weeks  in  getting  stock  across  the  line,  it  was  decided  to  arrange  for  the 
duties  and  depend  on  a  refund  later.  The  contractors  began  work 
early  in  January.  At  about  the  same  time  one  pile-driver  was  put 
to  work  on  a  trestle  across  the  Abejas,  and  by  February  2d  (river  dis- 
charge, 11000  sec-ft.)  the  temporary  track  was  completed  to  and  over 
the  trestle,  and  rock  dumping  began. 

The  method  was  that  developed  in  closing  the  first  and  second 
breaks,  and  used  later  in  closing  the  gap  in  the  Laguna  Weir,'  one 
trestle  being  deemed  quite  sufficient,  as  the  maximum  head  was  not 
expected  to  exceed  7  or  8  ft.  At  the  Andrade  quarry  there  were  approxi- 
mately 15  000  cu.  yd.  of  rock  ready  to  load  with  steam  shovels,  and 
the  quarry  was  well  developed,  having  a  face  about  900  ft.  long  mi 
averaging  40  ft.  high.    Two  4-cu.  yd.  steam  shovels  were  secured  from 

'  *         .        .  .  .  ■-•'.,,  I  I 

_^  '  .        .        *  t 

the  Southern  Pacific  Company,  and  a  2J-cu.  yd.  shovel  of  the  Recla- 
mation Service,  was  brought  down  from  the  Laguna  Weir.  Work 
trains,  men,  and  ''battleships"  were  obtained  from  the  railroad,  as 
required,  and  rails  and  track  material  were  furnished  on  a  rental  basis. 

On  February  7th,  a  sudden  rise  (maximum  discharge,  23  000  sec-ft.) 
caused  a  breach  in  the  trestle;  this  was  clos^  10  days  later.  On  March 
7th  another  small  rise  in  the  river  carried  away  seven  bents,  and  6  days 
later  another  rise  (maximum  discharge,  35  000  sec-ft.)  brought  down 
a  mass  of  drift  and  wrecked  a  considerable  length  of  the  bridge,  caused 
the  loss  of  a  pile-driver  and  one  steel  ''battleship,"  and  drowned  one 
man.  On  the  28th  the  pile-driving  was  resumed  and  the  operations 
were  continued  \yithout  further  mishap  until  May  i5th,  when  work  on 
the  dam  was  shut  down. 

In  making  this  closing,  the  rock  fill  was  not  kept  at  uniform  height 
for  the  entire  length  of  the  trestle,  the  overpour  for  some  of  the  time 
being  confined  to  three  places  with  a  total. length  of  from  260  to  275  ft. 
It  is  probable  that  this  explains  in  large  measure  the  breaking  of  the 
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trestles  by  floods  and  drift,  after  ^obtmnin^  an  effective  rock  mattress, 
suoh  as  is  provided  by  dumping  two  or.ithiree  cuts  of  ^l^attleships"  all 
along.  In  building  tbe  -Clai^ke.  Bam,  floods  (maJcimum  discbar^, 
32  000  sec^ft.),  witb  beavy  drift,  threw  thie.  trestle  out  of,  line  in  only 
one  place  after  rock  dumping  began,  and^oaused  no,  <»dier>  damage.. 
Tb6  number  of  ears  unloaded  in  iherAl^as.  clo^ng  work  is  given 

in  Table  22.  .     .  . 

...TABLE. 22.    .  .......  .....       ;   ,:  .      , 


Period. 


V**<i4^^ta«« 


Jttfmaryt7-«l.:i 
February  1-10... 

"  21—28 

"      11-20 

''      21-«i: 

April  l-lO 

"    21-80:* 

.May  1-2.  .,..•'•••••;.•••■ 


Totals 


'/•  ••t»»i» 


*  «  •  •>•  •  •  •  p 


«fk  •  •,•*•  •  t 


68. 
31,4 
860 
616 
.1«1 
108 
207: 
'747 
.781 

4i: 


3996 


Flats. 

.  1 

Dealey. 

1*1 

• 
1 

•   m   *  • 

. .  •  i 
•   ••    fi  '. . 

•   •    •    • 

•    •    •    • 

.... 

r 
...        .•...'.     .". 

43 

-;.  .•40r.,., 

70 
.■    -8    .. 

•  ■  •  • 

•  •  •  • 

S7 

■  •  •  •        *  * 

161 

■  ■■■/.      .  ■ 
43 

34 

•  •  •  • 


108.. 

20 


«    •    •    « 


8 


182 


The  total  quantities  were :  139  860  cu.  yd.  of  "battlesbip'^' rock, 
19^  cii.  yd.  of  flatcar  rock,  616  cu.  yd.  of  Declez  rock,  and  1  092  cu.  yd, 
of  quarry  rock  iii  dinky  cars,  a  total  of  143  400  cu.  yd.  up  to  May 
2d.  The  total  quantity  oi  rock  used  to  if  ay  i5th,  when  work  closed 
down,  was  about  180  000  cu.  yd.  The  total  cost  of  the  dam  is'  given 
as  $34f50d.      '  '\  ■';'  '     '  ■ '  '      ■;  '  '    •  ■'"  •    •'"■■■ 

**.*  '  .'...1* 

About  140  000  cu.  yd.  of  rock  were  used  before  the  water  was 
practically  shut  off  in  making  this  closing.  The  reasoiis  for  requiring 
sucTi  a  large  quantity  probably  are  that  relatively  little  flatcar  rock 
of  large  sizis  was  used,  the  fact  that  the  rock  fill  was  not  carried  along 
at  a  uniform  height  for  the  entire  length  of  the  overpour,  aiid  the  slow 
rate  at  which  the  rock  was  unloaded'.  The  first 'methods  of  quarrying 
were  not  well  adapted  for  giving  the  maximum  output,  consisting  "of 
operations  along  the  top  of  the  rock  mass  by  the  edge  of  the  quarry 
face,  but,  later)  horizontal  tunnels  were  driven  into  the. quarry  face  at 
intervals  along  the  bottom  and  large  charges  of  explosives  were  used, 
after  which  the  output  was  much  increiased. 

The  levee  work  went  along  very  rapidly,  the  contractors  fortunately 
encountering  no  flood  difficulties  or  delay,  and  on  April  7th  the  last  of 
the  grading  outfit  left  the  work."      -         ■  '  •    .    •     . 


IKHIGATION  AMD  KIVEK  COXTBO-L,  COLOHADO  RlV-BR 


1443 


While  c^eratiobs  vm«  in  prognae,  the  Revolution  in  Meaioo  began, 
and  reeolted  in  the  abdication  of  President  Diaz.  On  Febrnai^  2lBt, 
the  Revolutionists  captured  Algodones,  and  took  possession  of  a 
work  train  for  half  a  day.  On  April  16th  a  large  body  (rf  Ifexiean 
Federal  troops  airived  at  the  break  and  remained  guarding  the  work 
from  interruption  until  May  10th. 


PLAN  QF' QUARRY. 
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Damage  to  ifie  ■H'orfc.-"The'24.6  miles  of  levees  were  constructed 
in  aceofdanee  with  the  recommendation,  namely,  with  a  top  width 
of  8  ftj,'  side  slopes  of  8  to  1,  boWow-pits  6n  the  river  side  400  ft. 
long,  with  interyeniog  uncleared  traverses  50  ft.  wide,  a  berm  width  of 
40  ft,  the  entire 'ground  covered  by  the  levee  and'  the  berm  cleared, 
and  roote  and  atumpS  grubbed,  and  a  mudt-ditch;  of  such  depth'  as  mould 
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reach  thiy>vi^  the  adobe  EK)il  under  the  donatruotion,  :diig  out  and 
filled  with  good  material  under  the  axis  ol  the  levees.  Except  for  a 
very  few  cases  of  logs  and  bruph  in  the  lev.ee  section,  and :  inefficient 
muck^tching  reported  to  have  been  disclosed  where  the  levees  were 
broken,  ■  the  dikes  were  very  w^^  cons^uoted.  iti  aecordapce  with-  the 
specifications.  The  levee  was  built  to.  a  grade  .of  "5  ft.  above  the 
high-water  marks  of  the  1909  summer  fiood,  chiefly  for  the  purpose 
of  having  excess  material  wherewith  to  remedy  deterioration,  rather 
than  through  any  fear  of  overtopping  from  floods..^  "N.b  railroad 
track  or  gravel  blanketing  w«s  put  on  the  levees,  because  of  the 
belief  "that  it  would  be  better  to  extend  the  levees  as  far  as  practical, 
rather  than  dissipate  available  funds  for  mere  convenience  of 
maintenance," 

A  low  levee  was  built  along  the  south  side  of  the  break,  extend- 
ing from  the  dam  a  short  distance  up  stream,  to  prevent  water  from 
getting  into  the  levee  borrow-pitls.  until  the  grading  outfits  had  fin- 
ished work  in  the  vicinity.  As  the  water  in  the  riVer  t^^as^  gradually 
raised,  partly  by  increased  discharge  (total,  IS  000  sec-ft.)  and  partly 
by  increasing  the  height  of  the  rock  fill  across  the  break,  this  low 
levee  was,  on  April  21st,  overtopped  and  almost  at  once  about 
1 000   sec-ft.    of  water  started   down   the   borrowpit   clearing,    about 

2  000  sec-ft.  going  into  the  old  Colorado  Eiver  channel.    When  the  water 

"i  .  .  .   ,  , 

hit  the  uncleared  traverses  it  cut  the  berm  and  side- wiped  the  levee 
at  almost  every  traverse  for  several  miles:  Work  on  the  rock  fill 
dam  was  stopped,  and  the  men  were  set  at  work  protecting  the  levee. 
Later  in  the  day  this  was  stopped,  and  work;  on  the  dam  was  resumed. 
The  latter  was  facilitated  materially  by  the  waters  breaking  over  into 
the  borrow-pits,  the  elevations  of  the  water  surface  above  and  below 
the  dam  being  quickly  changed  from  '79.6  and  71.6,  respectively,  to 
78.6  and  71.0,  the  depth  of  overpour  being  reduced  1  ft.  and  the 
head  on  the  structure  0.4  ft.  By  dximping  rock  and  filling  the  holes 
where  the  confined  overpour  occurred,  the  situation  there  was  soon 
in  hand,- and  8  . days,  liater  (April:. 89th)  the  elevation  of  the  lowest 
point  of  the  dam. was  80.6,  or  1  ft.  higher  than  the. 'water  auxface  up 
stream,  where  the  water  l^roke  into  the  bon»ow-pitsi  and  the  flow 
Over  the  structure  was  stopped^ .         .  ::•..!        .-; 

By  that  date  the  levee  to  the  south. w«s; cut  entirely  thitough  in 
several  plaees  in  the  fir^t  6, utiles,  and.it  wjrb  evident  that  the  warter 
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would  soon  merely  detour  aroxiBd  the  dam  and  eontinue  to  follow 
the  Abejas  ehanhel  below.  The  river  dischai^e  then  was  21900  sec-ft., 
and  about  4  000  sec-ft.  were  going  do^?ihi  the  old  chanriel,  the  remainder 
running  throiigh  the  levee  breaks  and  toward  the  west.  On  May 
7th,  the  discharge  of  the  river  had  increased  t&  3^  800  dec-ft.,  of  whi<^ 
perhaps  9  000  sec-ft,  were  running  down  the  old  channel  of  the  Colo- 
rado, and' the  water  Varied  in  height  froni  4.8  to  6  ft.  below  the 
top. of  the  levee  in  the  S  miles  immediately  north  of  the  dam. 

The  rock  fill  was  then  up  to  the  track  all  across,  and  the  total 
percolation  through  it  was  reduced  to  about  120  SeC'^t.  The  eddy 
currents  below  the  dam,  9  days  later,  weakiened  the  earth  fill  about 
300  ft.  from  the  north  end  of  the  dam,  until  the  water  broke  throughy 
and  in  a  few  hours  the  entire  discharge  of  the  river  (except  a  little 
overbank  flow)  was  going  through  it  and  dovrn  the  Abejas.  Soon  the 
earth  fill  on  the  south  was  cut  through^  and  thus  the  rock  fill  dam 
was  made  an  island  in  the  Abejas  channel,  which  i6  the  situation  at 
present. 

The  final  injury  on  the  levee  work  prior  to  the  summer  flood  wa^ 
three-  breaks  an.d  several  places  side-wiped  on  the  north  levee,  total- 
ing riboiit  16  000  cu.  yd.^  and  thirteen  breaks,  varying  from  a  few  hun- 
dred feet  to  more  than  2  miles  in  length,  and  much  side-wiping  in 
the  first  8  mil^  of  the  south  levee,  totaling  about  ^00  000  cu.  yd.,  or 
about  60%  of  the  original  earthwork  in  this  «tretch. .  The  fact  that 
such  disaster'  was  caused  by  so  small  a  quantity  of  water  reaching  a 
maximuni  <iepth  of  only  4  ft.  on  the  levee  shows  clearly  the  lease  wili 
which  the!  material  of  thfe  region  is  ieroded. 

The  protective  measures  used  were  sand  bags  and  brush  placed  to 
check  erosion  and  .the,  dynamiting;  of  the  traverses  which,  withJ^Q 
drift  their  vegetation  caught,  deflected  the.  water  to  the  levee  section. 
The  latter  procedure  had  the  bad  effect  of  oohverting  the  borrow-pits 
into  a  continuous  canal,  but  With  severe  eddy  currents  caused  by  the 

remains  of  the  traverses.     These  endeavors  had  little  effect;  indeed, 

• '  ''  ■         ■.    ■   .        •   • '       •   .   ■  ,  ■  ^_     ' .  .  ^  ^  .      , 

to  hold  Ipng  stretches  of  embankment  against  such  action  is  practically 

in^powble!  , .  .    ,;     : 

Board  OF  Keyiew.       ... 

I  I  ■      .  .  .  •       '      »  •         •  •     . 

Ola  June  1st,  Mr.  Fisher,  Secretary  of  the  Interior,  called  a  Board 
of  Review  consisting  of  Mr.  F.  H,  Newell,  Director  of  the  TT.  S.  Re- 
clamation  Service;  Gen.  W..  L.  Marsh^ill,.  Consulting  Engineer  to  the 
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Secretary  of  the  Interior;  J;  B»  Lippincott,  M.  Am.  Soc.  C,  E.,  for- 
merly a  Supervising  Engineer  of  the  U.  S.  Reclamation. Service  and 
now  an  Assistant  Engineer  of  the  Los  Angeles  Aqueduct;  Mr.  C.  E. 
Grunsky-;  Mr.  J.  A.  Ockerson,  Engineer  in  charge  of  the  -woric;  and 
Gen;  Harrison  Gray  Otis;  President  of  the  C.  M.  Oo.,.  to  report  on  the 
work  done  und»  the  appropriation.  All  the  members  of  the-  Board 
have  exami»^  th^  territory  and  understand"  the  situation  fully,  al- 
though none  of  them  except  !MJr.  Ockerson  has  been  on  the  ground  since 
the  Abejas  diversion  occurred. 

•On  Jttne  7th  this  Board  made  a  report  based  on  information  as  to 
the  Irecent  tvork  done,  and  results  obtained,  supplied  by  Mr.  Ockerson, 
and  answering  specific  questions  submitted  by  Secretary  Fisher.  .  The 
full  text  of  this  report  is  as  follows:  : 

"1. — A  breach  in  the  west-  bank  or  levee  of  the  Colorado  River, 
if  made  at  pr  withiiai  a  mile  south  of  the.  California  bouridary,  or 
south  of  Mile  18,  below,  Yuntia  Bridge*  will  result  in  water  flowing 
directly  into  the  drainage  area^  of  the  Alamo  and  New  Rivers  and 
thence  into  Salton  Sea,  which  would  be  disastrous  to  property  in  the 
United  States. 

"2. — A  breach  in  the  river  bank  at  any  point  between  Miles  18  atid 
55,  below  Yuma  Bridge,  will  result  in  spreading  water  over  the  Delta 
of  the  Colorado  River,  with  a  flow  into  New  River  via  Volcano  Lake, 
menacing  Imperial  Valley. 

"3. — (a)  The  best  practical  method  ^f or  the  protection  of  land  and 
propei^y  in  the  tin  it ed  States  against  a  discharge  directly  into  the 
Imperial  Canal  and  thence  through  Imperiar  Valley  into  Salton  Sea, 
is  to  protect  and  maintaiTi  the  levees  as  at  present  located  for  a  dis- 
tance of  at  least  10  miles  south  of  the  Calif oi^iia  boundary  and  to 
hold  the  river  by  adequate,  bank  revetment  practically  on  its  present 
aligiiment.  (h)  This  levee,  if  extended  to  a  point  opposite  the  south 
boundary  of  Arizona,  or  about  Mile  27,  will  also  prevent  a  discharge 
directly  into  the  Paredones. 

"4. — (a)  As  a  Remedial  or  precautionary  work,  to  prevent  damage 
which  might  result  from  a  crevasse  directly  into  the  Imperial  Canal 
or  Alamo  River,  Tye  have  considered  a  secondary  levee  west  of  the  river 
levees,  across  Imperial  Canal,  and  large  channels  leading  to  the.  natural 
depressions,  or  diverting  works,  conducting  the  water  southwesterly 
into  channels  leading  into  Volcano  Lake,  but  it  is  believed  that  the 
cost  of  any  such  secondary  defence  could  be  better  expended  in  main- 
taining the  main  line  of  defence  at  the  rivcp  (b)  As  a  necessary 
defence  against  the  northerly  flow. of  any  water  :reaching  Volcano 
Lake,  whatever  be  the  treatment  of  the  Lower  Colorado  River,  there 
should  be  art   embankment  well  protected   against  wave   wash  on   its 
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soutk  slc^^  ebsiBtTUoted  about  on-  the  line  o£' the: levees  already  built 
extending  from  high  ground  north  of  Volcano  Lake'  to  a: connection 
with  the  levees'  alieady  built  by  the  California  Development  Company, 
Southwesterly,  toward  this  region  from  this  Colorado  Riven  The  top 
of  this  embankment:  should  at  its  wiestem  end  be  not  less- than  10  ft; 
higherthan  the  "rim  Itod  at  Volcano  Lake.  Thi^  embkiikmenl  is  an- 
essential  requisite  as  a  protection  of  Imperial  Valley,  against  ►  menace 
from  the  south^  and  should  be  constructed  without  delay. 

.:  if^' — if^^y  Yhe  maititenance  of  the  works  constructed  in  1906  and 
1907,  cldsing'the  breaks  of  the  Colorado  into  the  Alamo,  and  the  main- 
tenance of  these  and  of  the  river  levees  since  constructed  as  far  south 
as  the  head  6f  the  Abejas  are  essential  requi^toents.  '  Suitable  ar- 
rangements for  their  repair  and  maihtenalice  should  be  made  with 
Mexico  'through  the  proper  authorities.  We  do  not  consider  the  im- 
mediate closure'  of  the  bteak  into  the  Abejks  alid  the  reconstruction 
of  the  levees  below  the  break  as  essential  to  the  prdtectibn  df  property 
in  the  United  Stated.  The  ultimate  treatment  of  this  seciioh  of  the 
Colorado  Eiver  in  co-operation  with  Mexico  may  well  be  determined 
by  negotiations  between  the  governments  of  ^  the  two  countries.  As 
a  feature  of  the  permanent  solution  of  the  river  problem  it  is  desirable 
that  the  Abejas  bieak  be  closed^  that  the  leVee  cpnstructed  in  1911  b6 
repaired  and  maintained, .  and  the  Colorado  Eiver  restored  to  it's  for- 
mer course.  (&)  !f*r6vided  the  water  oi  the  Colorado  is  discharged  into 
the  Gulf  of  California  through  the  Abejas  into  the  Pescadero  and 
Hardy  Rivers,  there  is  little  probability  of  the  cut  back  affecting  the 
Laguna  Dam.  Such  cut  back  will  not  injuriously  affect  the  heading 
of  the  Imperial  Canal  or  levees  adjacent  thereto,  with  a  possihle  ex- 
ception df  requiring  the  lowering  df  the  intake  of  the  Imperial  Canal 
a  f  ew  ,f  eet.  This  is  not  a  seribuS  liiatte'r,  and  is  one  that  should  he 
dealt  with  by  the  California  Development  Company  itself  when  neces- 
sary. The  diversion  by  the  California  Development  Company  shduld 
be  facilitated  during  jow-water  stagferi  by  dredging,  or  by  Idwering 
the  sill  of  its  intake,  rather  {hi^n  by  placing  obstructions  in  the  chan- 
nel oJT  the  river  below  the  intake. 

"In  view  of  the  existing  emergencies  along  the  Coloradd  River, 
arrangemeh,ts  should  be  made  with, the  government  of  Mexico  to  pro- 
vide for  the  early  cfreation  of  an  International  Colorado  River  Com- 
mission, embracing  in  its  membership'  both  American  and  Mexicaii 
engineers^  invested  with  large  powers  and  aniple  authority  to  examine 
into  and  to  submit  a  basis  for  the  adjustment  of  all  questions  relating 
to  the  consei'vation,  use,  and  control  of  the  waters  of  the  Colorado 
River  with  a  yiew.to  such  governmental  action  as.  shall  result  in  a 
complete,  just,  arid  final  settlement  df  all  such  matters  at  issue  between 
the  two  nations./  We  recommend  that  further  woi*k  should  be  under- 
taken at  once  and  in  approximately  the  following  order: 
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•    "(a)  The  levees  north  of  Volcano  Lake  shoiild- be  raised,  strength' 
ened,  and  extended.  .     . 

"(6)  The  existing  levees  along  the  west  bank  of  the  Colorado.  River 
to  the  Abejas  should  be  repaired  and  protected.  For  thig  purpose* ftud 
to  meet  emergencies,  there  should  be  immediately .  available  the  sum 
of  at  least  $1000  000.  This  sum  provides  •  only  fqr  the.  temporary 
maintenance  of  levees,  and  does  not  include  the  systematic  revetment 
of  the  river  banks. 

"The  conference  ventures  to  suggest  certain  international  questions 
which  are  involved  apd  which  will  inevitably  hav^  to, be; met  sooner,  or 
later :    , 

"(a)  The  matter  of  the  permanent  protection  of  existing  works  on 
both  sides  of  the  international  boundary  line,  the  construction  of  fur- 
ther works,  and  the  conditions  under  which  the  prese^t  and  future 
projects  msy  be  carried  out  on  Mexican  soil,  with  the,  consent ;  and 
co-operation  of  the  government  of  Mexico  for  the  benefit  of  both 
countries,  to  the  end  that  the  greatest  practicable  quantity  of  water 
of  the  Colorado  Eiver  may  be  made  available  for  irrigation  by  means 
of  storage  reservoirs  and  otherwise,  and  the  least  possible  quantity  be 
permitted  to  flow  unused  to,  the  sea,  and  to  what  extent  the  cost  of 
such  maintenance  should  be  chargeable  to  pjroperties  .benefited  and  to 
what.j^xtent  chargeable  to  either  government. 

"(?>)  Tha.t  permanent  agreements  with  the  government  of  Mexico 
shall  be  entered  into,  having  in  view  the  just  apportionment  of  the 
waters  between  the  two  countries,  irrigation  to  be  paramount  to  navi- 
gation. 

"(c)  The  method  by  which  either  nation  may  aicquire  rights  of  way 
for  canals,  levees,  and  related  works,  each  within  the  territory  of  the 
other,  and  the  authority  to  maintain  such  works. 

"(d)  The  modifiqatiQn  pf  tbe  boundary  line  between  the  United 
States  and  Mjexico  with  a  view  to  facilitating  the  solution  of  the  entire 
Colorado  River  problem.  An  autboritative,  just ,  and  final  determina- 
tion of  this  important  question,  now;  a  matter  of  public  discussion^  will 
have  the  effect  of  removing  existing  doubts  in  the  public  mind  a,nd 
of  settling  the  matter  for  the  benefit  of  all  concerned. 

"The  members  of  the  conference  desire  to  call  attention  to  the  fact 
that  the  plan  and  execution  of  the  work  accomplished  during  1911 
followed  well-established  principles  of  good  engineering.  That  so  large 
an  amount  was  accomplished  in  such  a  brief  space  of  time,  under  ad- 
verse circumstances,  is  worthy  of  the  highest  commendation.  That  the 
restoration  pf  the  Colo:;'ado  River  to  its  former  channel  was  not  reail- 
ized  is  chargeable  to  the  delay  in  the  negotiations,  which  prevented 
prompt  inauguration  of.  the  work  and  the  prosecution  during  the  low- 
water  season,  and  alsp  to  the  disturbed. political  situation  and  strike 
which  demoralized  labo^  conditions. .  The  members,  of  the  conference. 
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in  addition  to '  the  conclusions  above  reached,  present  also  a  statement 
of  physical  and  related  facta  embodied  in  an  abstract  of  the  data  avail- 
able, and  found  largely  in  the  reports  of  J.  A.  Qckerson  and  of  0.  E. 
Grunsky.  Also  in  the  printed  hearings  before  a  subcommittee  of  the 
Senate  Committee  on  Claims,  referring  to  Senate  4170,  January  21, 

Wheii  President  Taft  received  the  report,  he  sent  a  special  message 
to  Congress  recommending  the  appropriation  of  another  $1000  000  to 
continue  the  control  work,  but  Congress  failed  to  comply.  It  is  desired 
to  call  particular  attention  to  the  last  part  of  this  report  containing 
Suggestions  a,  h,  c,  and  d  regarding  certain  international  questions 
involved,    which    sooner  '  or    later   must    be   met.      These    suggestions 

.111'  * 

contain  the  crux  of  the  entire  situation,  and  it  is  to  be  hoped  that  they 
will  be  eipeditiously  followed  out.  It  is  perhaps  desirable  to  call 
attention  to  the  wording  of  Suggestion  d  regarding  modification  of 
the  Boundary  Line  between  the  United  States  and  Mexico,  the  sug- 
gestion bein^  implied  that  the  matter  be  taken  up  more  with'  a  view  of 
putting  a  quietus  to  the  proposition,  than  with  the  idea  of  obtaining 

any  territory  from  the  Mexican  Government. 

.••"■'■      i    .".  i 

SUI^VEYS   BY   THE   NeW   MeXIOAN   COMPANY.'     . 

As  soon  as  the  summer  flood  of  1911  began  to  recede,  and  the 
extetit  of  the  damage  sustained  by  the  new  "work  was  ascertained,  the 
Harriman  interests  controlling  the  new  Mexican  Goinpany  deemed 
it  wise  to  ascertain  how  effective  the  line  of  levees  north  of  Yolcano 
Lake  would  be  in  holding  back  the  waters  of  a  vety  large  summer 
flood.  •  Accordingly,  three  surveying  parties  were  put  but  early  in 
July  undet  the  immediate  direction  of  Mr.  Hindi  The  surveys  were" 
cariied  down  the  fiver  to  The'Oolony  and  as  far  west  as  Volcano 
Lake,  much  of  the  territory  being  covered  tjuite  thoroughly.  The  field 
work  was  completed  during  thie  latter  part  df  September,  atid'  the 
data  were  assembled  and  mapped.  Mr.  Randolph  analyzed  these  data 
and  compiled  a  report  which  was  forwarded  to  Mr:  R.  S.  Lovett,  Chair- 
man of  the  Executive  Board  in  N^w  York  City,  recommending:    " 

1st; — That  the  westerly  portion  of  the  Volcano  Lafee  levee  be  raised 
and  -extended -80*  as  to  occupy  a  plane  6  ft.  above  the  then  present 
crest;  and  . 

2d.— ^That  an  elective  levcfe  system,  including  a  rock  dam  shutting 
off  the  Abe j as  diversion,  be  constructied  along  the  river  to  a  distance 
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of  1.6  miles  below  such  dam;  that  the  entire  leVee  should < be  bbnketed 
with  gravel;  and  that  a  railway  trfeck  be  laid  thereon  in  good  condition 
f ot  further  operation  when  necessary. 

.  Mr.  Lovett,  on  December  13th,  1911,  made  a  formal  offer  to  Presi- 
dent  Taft,  on  behalf  of  the  Southern  Pacific  Company,  to  return 
the  Colorado  River  to  its  original  channel  and  to  maintain  the  levees 
necessary  to  keep  it  there  for  one  year,  providing  the  Southern 
Pacific  Company  be  repaid  for  the  work  done  in  lSj06-07  at  President 
Roosevelt's  request,  in  the  sum  of  $1 083  673.97,  being  the  amount 
reported  as  prober  under  the  circumstances  by  Mr.  Grunsky  in  his 
statement  to  the  Committee  on  Claims  during  1908;  and.  provided, 
further^  that  an  additional  appropriation  of  $1  500  000  be  placed  at  the 
disposal  of  the  President  of  the  United  States  with  which  to  pay  the 
actual  cost  of  the  work  to  be  done  and  the  cost  of  maintaining  it  for 
one  year,  the  Southern  Pacific  Company  to  stand  any  excess .  of  cost 
over  and  above  such  an  amount;  that  the  transportation  charges  of 

the  Southern  Pacific  Company  in  connection  with  the  work  should 

' '    -  .•■.>'. 

be  in  accordance  with  the  arrangements  in,  effect  during  the  work 
under  Mr.  Ockerson's  direction;  and  providing,  further,  that  should 
the  Southern  Pacific  Conipany  fail  to  return  the  Colorado  River  to 
its,  former  channel .  and  to  retain ,  the  levee,  for  one  year  ^hj^reafter, 
then  in  that  event,  the  Southern  Pacific  Company  should  receive  no 
compensation  or  reimbursement  for  the  work  .which  it  would  do  under 
th^t  offer.  .      ^ 

This  proposition  was  referred  to  Gen..  Marshall,  Con^ultii^g  Engi- 
neer for  the:.I)epartinent  of  the  Interripr,  who,. -under' date,  of  .Jani;iary 
5th,  .1912,  reported  in  aubstance  that  the  work. proposed  should ;npt  be 
done,  either  by  it  or  hy  any  other  agen^jy^  .on  behalf  of  the  United  St^ijtep 
at  this  time,  nor  ui^til  the.entif^  subject  of  improving  the:  Colorado 
River,  and  utilizing  its  water  should  be  investigated  by  an  Interu^iopal 
Committer  representing  both  the  United  States  and  Mexico.  ,.  The 
following  day,  the  Secretary :  of  the  Interior,  W.  L.  Fishei;,  ,f p^r.ward^d 
Gen.  Marshall's  report  to  President  Taft  and  approved  of ;  its  .  con- 
clusions, stating  tl;iat  the  suggestions  constituted  the  mp^t  iipiport^nt 
recommendation  of  the  Advisory  Board  of  June  7th,  19J.1,  :and  adding: 

"I  consider  it  of  great  importance  that  negotiations  should  be  im- 
mediately opened  and  vigorously  conducted  with  a.  view  of  arriving 
at.  a  treaty  with  Mexico  covering  this  subject." 
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President  Taft,  in  his  message  to  Congress  a  few  days  later,  placed 
the  whole  matter  before  Congress  without  recommendation.* 

Perhaps  the  most  important  information  obtained  by  these  surveys 
is  the  fact  that  the  average  elevation  of  the  bottom  of  Volcano  Lake 
is  28  ft.  while  the  general  average  prior  to  1907  was  17,8  ft.  above 
sea  level.  In  other  words,  the  bottom  has  been  raised  10  ft.  since  the 
Colorado  began  to  flow  directly  into  the  lake,  during  which  time  it  has 
discharged  into  it  approximately  30  000  000  acre-f  t.  of  water.  The  streams 
below,  draining  to  the  Gulf,  are  now  normally  clear,  showing  that  most 
of  the  sDt  content  of  the  water  reaching  the  lake  is  being  dropt)ed  over 
its  bottom,  together  with  some  material  eroded  from  the  new  channels 
formed  by  the  diverted  river.  On  the  other  hand,  very  much  suspended 
material  carried  by  the  waters  is  let  down  before  reaching  the  lake. 
The  conditions  are  extreme,  yet  they  indicate  the  exitreme  silt  de- 
terioration which  may  be  expected  in  reservoirs  on  the .  Gila,  Salt, 
Verde,  Colorado  River  below  The  Needles,  and  similar  streams. 

Improvement  of  Volcano  Lake  Levee  and  Repair  of  River  Levee. 

Contracts  were  let  on  January  4th,  1912,  for  raising  the  Vplcano 
Lake  levee  3i  ft.  and  widening  the  crown  to  12  ft.,  166  000  ca.  yd. 
at  25  cents;  repairing  the  recently  constructed  levee  along  the  river 
north  of  the  Abejas  break,  the  contract  calling  for  15  000  cu.  yd.  at 
22  cents;  and  paving  with  rock  the  south  or  water  face  of  the  Volcano 
Lake  levee,  approximately  70  000  cu.  yd.,  for  $1.50  per  cu.  yd.  This 
rock  was  obtained  from  the  mountain  sides  at  or  near  Cerro  Prieto. 
The  temporary  railroad  track  from  the  C.  D.  Co.  levee  to  the  Abejas 
break  was  taken  up,  and  the  track  material  returned  to  the  Southern 
Pacific  Company. 

Assistant  Secretary,  of  the  Interior  Thompson  went  to  the  City 
of  Mexico  to  make  arrangements  whereby  the  Government  might  do 
this  vFork  in  Mexico,  but  was  unsuccessful.     Until  the  United  States 

I  4 

concludes  arrangements  for  working  in  conjunction  with  the  Mexican 
Government,  operations  on  Mexican  soil  will  doubtless  have  to  be 
handled  in  a  roundabout  way,  particularly  as  long  as  there  is  fear  of 
unfounded  complaints  that  lawlessness  interferes  and  delays  the 
progress  of  such  work  as  may  be  permitted.    Mexico,  howeVer,  author- 

"  '■ ■ '■ *r- 

*  See  also  House  Document. 204«  62d  Congress.  2d.Session. 
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ized  the  foregoing  wotk  td  be  done  by  the  C  M.  Co.  through  the  engi- 
neer assigned  by  the  United  States  to  do  the  work,  and  a  gentleman's 
agreement  was  reached  between  that  company  and  the  United  States. 

Conclusion. 

Because  of  the  various  successful  and  unsuccessful  work  done  in 
the  region,  the  engineering  features  of.  irrigation  and  rivier  control 
along  the  Lower  Colorado  are  now  understood,  and  engineering  con- 
struction methods  are  thoroughly  developed.  The  successful  attempts 
in  closing  breaks  along  the  river  with  rock  fiU  barrier  dams  according 
to  the  method  developed  during  the  first  and  second  closii^s.  have 
standardized  this  class  :of  work.  The  Southern  Pacific  Oompady  can 
easily,  on  very  short  nbtice^  furnish'  all  the  equipment^  men,  and 
orgahizatioii  needed  to  do  all  the  various  classes  of  work  involvied, 
directly,  or  indirectly,  in.  controlling  the  i;iver.  The  essential  features 
of  successful  levee  construction  there  have  been  made  very  clear^  The 
maintenance  and  operation  of  the  irrigation  canals  involve  caring  for 
excessive  quantities  of  silt,  and  sufficient  data  regarding  the  silt  prob- 
lem in  the  Main  Canal  have  not  yet  beclli  obtained  to  decide  on  tha 
most  economical  method  of '  diversion. 

The  Colorado  River  Delta  now  presents  no  unusual,  unsolved  en- 
gineering difficulties;  its  problems  are  chiefly  matters  of  statecraft, 
in  both  river  control  and  irrigatioii.  At  the  conclusion — in  the  near 
future=— of  listing  litigation  in  American  Imperial'  Valley,  irrigation 
of  the  territory  will  be  notdbly  free  fr6m  legal'  and  managerial  eii- 
tangiements.  ^his  will  be  as  isooii  as,  and  not.  until,  reasonable  treaty 
provision^  betweejn  the  two  jaatipnp  are  arranged,  j^uqh  &,  treaty  is.  in- 
dispensable for  the  proper  handling  of  river,  control  work.  .  Fortunatfely, 
both  Govertiinentd  prof  ess  not  only  willingness,  btrt  impatienccj  t6  ad- 
juist  the  matter. 


,  I  ■  '  <     ■ ' ;      ■ 
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DISCUSS I ON 


Mr.  ,  L.  J.  Le  Gonte,  M.  Am,  Soc.  C.  E.  (by  letter).— This  interesting 

*  paper  furnishes  valuable  information  relating  to  the  troubles  of  the 

irrigation  engineer  and  the  irrigators.     A  record  of  the  memorable 

struggles  with  flood-waters  in  the  Colorado  Delta  in  recent  years  will 

always  be  a  source  of  valtiable  information. 

The  rich  fertilizing  qualities  of  thei  silty  waters  of  the  Colorado 
River  are  well,  known.  .  The  important  point  to  keep  in  mind  is.  the 
fact  that  the  rich  and  desirable  sediment  always  comes  down  with 
the  first  rising  river  waters,  and  the  undesirable  barren  sandy  silt 
during  high  water  and  the  falling  river  stages.  It  f bllows,  therefore, 
that  the  desirable  silt  is  to  be  had  largely  from  the  rising  river  waters, 
and  that  suitable  management  and  wise  control  of  the  scouring  sluices 
and  regulating  gates  at  each  end  of  the  Laguna  Weir  are  of  the  greatest 
impprtance.  in  the  maintenance  of  the  entire  canal  system.  In  order 
to  reduce  silting  troubles  to  a  minimum,  the  mean  velocity  of  flow 
throughout  the  entire  canal  system  should  be  as  nearly  uiiiform  as 
practicable. 

For  this  purpose  the  formula  given  by-  Mr.  R.  G.  Kennedy  *  is 
very  useful,  namely:  :        .    . 

;  Velocity  =^  0.84  d^-^f, 

hence,  comparing  one  channel  flow  with  another,  we  jbay^  praotioally 
the  ratio:  .  . 

but,  after  all,  the  main  feature  to  keep  constantly  in  min^  is  that -the 

mean  velocity  varies  as  ^y/  R  8.,  and  that  iS  is  the  slc^e  i(rf,the  surface 
of  the.  water  and  not  the  slope. of  the  » bed  of  the  canal. .,. With  the 
best  of  management,  however,  there  will  always  be  some  silting  up, 
but  the  silt  ought  to  be  largely  of  valuable  character,  and  when  dredged 
and  deposited  6ri  the  hank  adjoining  the  county  "roads  the  farmers 
will  eajgerly  cart  it  away  for  fertilizing  purposes*  •;  The  <5lelah,  barren, 
sa?idy  silts  which  are  6q  undesirable,  fehould  not  be  allowed:  to  enter  the! 
head-works  of  the  canal  to  any  large  extent.  The  cost  of;  the  L^guna 
Weir,  $434  per  lin.  ft.,  when  compared  with  the  cost  of  the  Kistna 
Anient,  in  India,  $104  per  lin.  ft.,  seems  to  be  unreasonable,  but  such 
comparisons  are  always  odious,  especially  when  all  circumstances  are  not 
known.  The  annual  revenues  from  the  Kistna  system  amount  to 
$1  500  000,  and  if  the  Laguna  Weir  system  approximates  this  figure, 
in  the  course  of  events,  all  will  be  satisfied. 

The  author's  remarks  about  a  "rating  curve"  are  commendable. 
No  official  record  is  so  absolutely  unreliable  as  the  conventional  rating 
curve  for  any  given  gauging  station.     It   is  worse  than  no  record 

*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CXIX,  p.  281. 
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^hirtever, ' iiiafiinuoh'  as  it- is  a  worthless  official  record  which  will  have  Mr. 
to  be  officially  disprovjed  in  Court  before  one  can  get  authority  to  ®  ^^^' 
prbceed:  Experience  everywhere  on  sedimentary  rivers  shows  that  all 
the  cross^secrtions  of  a  rising  river  are  enormously  increased  in  area 
by  the  scouring  out  effect  of  the  down-rushing  flood-waters  laden 
only  with  lighter  sediment.  The  heavy  sandy  sediments  gradually 
crawl  down  river  much  more  «lowly  than  the  rushing  flood-waters, 
hence  they  do-  pot  show  until  the  river  begins  to  fall.  It  follows  that 
all  the  cross-sedtions  of-  .a  falling  river  diminish  rapidly  in  area  and 
return  gradually  to  the  .usitai  low-water  cross-section.  These  being  the 
facts  on  eve?y'  flood,  bow.  is  it  possible  for  any  sane  man  to  get  up  a 
rating  curve  which  has  any  practical  value  whatever?  This  is  par- 
ticularly true  in  the  case  of  a  gauging  «ta.tion  on  the  m^in  river  just 
above  a  laarge. tributary  stream. 

Wh^n  the  tribijitary  stream  is  in  high  flood,  the  w^ter  in  the  main 
river  is  not  only  high;  but  the  current  is  often  running  .up  stream, 
which  potent  fact  alone  destroys  completely  the  value  of  the  rating 
curve.  .  ,  •   , 

The  authoir's  proposed. plan  of  building  a  wide  rock  fiU  dam,  with- 
out any  concrete  cross-w;alls  whatever,  seems  to  be  plausible,  in. view 
of  the .  valuable  experience  in  closing  the  big  breaks  in  the  Colorado 
Kiver  banks  leading  down .  to  the  Salton  Sea. 

These  rock  fill  dams  have  now  stood  the  ravages  of  severe  floods  for 
the  p^st  6  or  7  years,  and  are  still  intact  and  water-tight,  for  all  practical 
purposes..  The  Tx^ain  pbject  of  the  concrete  cross-walls  in  the  Indian 
dama  is  .to  shut  off -leakage  through  the  broken-stone  fiU  and  hold 
the  stones  together.  As  the  low; water  flow  of  the  Colorado  River  is 
small  (6  000  cu.  ft.  per  sec),  it  becomes  very  important  to  hold 
all  the  water  pQSsihle.  If  .a  successful,  wide,  water-tight  dam  can  be 
made,  as  described,  without  them^  all  well  and  good.  The  writer  is 
of  the  opinion  that  ^it  is  well ,  worth  trying,  from  a  financial  point  of 
view,.particularly,^t  such  a  site  as  the  Laguna  Weir,  where  the  slppe 
per  mile  is  only;., .1.2  fi  .  , 

In  India,  the .  aniquts  are  generally,  built  where  the  slope  per  mile 
is  3.6  ft.  and  the  river  bed  is  pure  saiid  of  unlimited  depth. 

Morris  Knowles,,  M,  Am.  Soc.  C.  E..  (by  letter). — This  excellent  Mr. 
and  exhaustive  papier  is  a  most  fascinating  story  of  the  ever-changing 
Colorado.  The  reader  can  almost  picture,  himself  on  its  batiks,  witness- 
ing the  frequent  breaks,  overlooking  the  vast  pyerflows,  and  taking  part 
in  the  repesatefl  attempts  ait  closure.,  Tte  Engineering  ."Prof  ession  can. 
indeed"  feel'  gratified  thai  it  has  members  who  will  patiently.  chi*6riicle 
events^  analyze'  situatipns^  an4  faithfully  tell  of  failures. 

Much  is  related  of  irrigation  needs,  local  causes  and  effect?  of  fioods, 
iiotable 'works  built  and  projected  for  tbe  fprmer,  the  great  emergency 
const'ructioh  to  overcome  the  latter,  and  studies  and  plans  for  future 
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Mr.  protection/ :  and  cpntiol.  :  Little  haiac  beea  said,  however,;  of  the  possibili- 
.ties  of  prevention^ .  of  great  works  that  might  be  built  to  hold  batcd^ 
the  flood  flows  and  let  out  at  other  times  the  increased  quantities  that 
would  make  for,  greater  irrigation  possibilities*  increased  navigation 
;Stages,  if  otherwise  possible,  more  wat6r  for  power,  etc.  .  . 
.  Within  a  short  time,  and  brought  to  a  focus  by  the  work  of  the 
Pittsburgh  Flood  Ck>mmissiQn,  th^  country  has  realized  that  we  can 
no  longer  be  indifferent  to  the  vast  and  universal  country-wide  problems 
of  regulating^  the  flow  of. our  streams..  Without  going  into  details 
of  the  many  correlated  benefits  to  be  obtained  from  storage  of  flood 
flows,  the  devastations  of  the  Ohio,  Missouri,  and  Mississippi  Valleys, 
those  of  the  Southern  Appalachian  regions,  as  well  as  those  bf  the 
Pacific  Coast  -and  great  Colorado,  so  vividly  portrayed'  in  this  paper, 
have  awakened  people,  all  over  this  land,  to  the  fact  that  herfe  is 
an  important  probleta  to  sblv^,  in  which  thfe  f  acton's  haVeJ  sdine  relation, 
v^herever  we  ^o,  and  fr6m  the  solviiig  of  which,  mtich  other  good 
will  coine. 

That  this  is  also  true  of  the  Colorado  Basin  is  evident  froni  the 
author's  remarks  on  pages  1206  aind  1208  and  from  Table  2.  Tt  would 
be  of  istill  farther  interest,  therefore,  to  know  whethier  the  storage  5f 
ap;proxima.tely  lOOOOOOO  acre-ft.  exhausts  the  possibilities  on  the 
Upper  Colorado,  and  what  effect  such  impounding' at  several  selected 
points  Would  have  in  decreasing  the  flood  discharge  and  iiicreasirig  the 
low-water  flow.  It  is  possible  that  it  would  not  apparently  dituinish 
the  interest  and  intensity  of'  the  problem  of  pirotection  beloW  Yuma> 
on  account  of  the  peculiaj  local  cliaracteristics,  yet  it  is  probable  that 
the  6ost  of  such  works  would  be' less  and  saffe  Results  ihbi*e  certain. 

If  data  aire  available  to  show  the  effiects  df  such  storaigb'  of  flood 
peaks,  as  is  illustrated  by  the  Pittsburgh  report,  it  is  hoped  that  the 
authbr  will  present  thfeni  in  his  closure.  If  not  liijw  Obtained,  per- 
hkps  this  discu^ion  ihay  call  attention  to  the  need,  arid  emphasize 
the  fact  that  here  is  another  place  arid  a  f urthei  feasoti  for  th^  Natidn, 
by  its  Central  Government,  to  take  hold  of  its  water  riroblemig  as  a 
great  national  question,  and "  to  study,  plan,  and  treat  each  group 
of  steeams  as  a  unit  from  source  to  mouth. 

■Mr.  Francis  L.  Sellew,  M.  Am.  Soc.  C.  E.  (by  letter).— Turning  ,the 

®^'  Colorado  out  of  Saiton  Sea  was  not  sp  miich  an  engineering  triu^ 
as,  4  triumph  of  engineers,  of  red-blooded  fighters,  who  did  not  know 
wjaen  they  were  whipped,  b^t  r^lizing  that  the  end  iustifled  the  means, 
fought  on  to  victoi7  unmindful  of  its  copt.  All. honor  to  them..  The 
writer  will  go  to  the  limit  in  expressing  apjpreciation  (xt  results  attained 
in  the  f ac^  of  odds  as  ^eat  as  any  with  which. river  engineers , piay 
expect  to  be  confronted;  but  when  the  closing  of  this  crevasse^  which, 
from  the  nature  of  things,  had  to  be  accomplished  by  rough  arid  reiady 
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methods,  is  heralded  as  a:Solutio)l  :of  aUengineeiring  problems  pertain-     Mr. 
mg  to  the  JiOwer  Colorado,  the  writer's  protest  is  immediately  entered.       *'^' 

Having  been  an  innocent  bystander  while  Ekxme  of  the  work  de- 
scribed was  in  progress,  this  paper  has  been  read  with  much  interest. 
The  record  of  the  operations  incident  to  the  return  of  the  river  to  its 
former  channel  is  extremely  complete,  although  partly  obscured  by  a 
mass  of  legal  and  financial  entanglements  which  propi^rly  have  no  place 
in  a  purely  eijigineering  article. 

Lack  of  time  will  confine  the  writer's  discussion  to  an  examination 
of  some  of  the  more  important  points.  The  data  submitted  in  regard 
to  the  discharge  of  the  stream  and  the  degree  of  reservoiir  coiitrol  pos- 
sible vary  materially  from  the  writer's  ideas  on  these  subjects.  It  is 
also  doubtful  if  the  control  attainable  by  reservoirs  will  greatly  reduce 
bank  caving,  which  is  the  real  problem  along  this  ri,ver^  Although  what 
follows  is  based  on  the  best  dat^  in  exisljenee,  it  should  be  understood  that, 
before  definite  conclusions,  can  be  drdwii^.much  more  detailed  and  ex- 
tended examinations  should  be  made. 

Flood  Prevention  on  the  Lower  Colorado.  . 

It  is  apparent  that  if  the  flood  discharge  of  the  Colorado  could.be 
reduced  materially,  thereby  bringing  the  fluctuations  between  low  and 
high  water  within  reasonable  limits,  the  erosion  of  the  bed  arid  banks 
would  bei  n^uch  reduced.  There  might  still  be  a  limited  amount  of 
balik^  protection  required,  but,  if  the  control  was  such  as  to  keep  the 
river  within  banks,  the  cost  of  protective  works  would  be  greatly 
lessened*  We  have  recently  heard  much  about  the  control  of  streams 
by  storafge ,  works ;  iand,  with  reference  to  the  Colorado,  one  advocate 
claims  :that.  storage  near  tjie.  head- waters  will  reduce  flood  levels  60 
much  that  levcQS  .wiU  be  a  thing  pf  the  past^  that  the  flow  of  the  stream 
may  be  entirely  devoted  to  irrigation^,  thereby  putting  water  on  &  000  000 
acres  oi  land;  and  also  that  imm^^  quantities  of  electrical  energy 
miy  be  developed  as  the  water  is  TeleaSed  from -the  places  in  which 
it  is  impounded.  As  the  question  of  stream  control  by  storage  reser- 
voirs has.  received  much  attention  in  most  pivilized  .poirtions  o:^  the 
earth,  the  wtit&r  has  m^de  a  somewhat  extended  examination  of  the 
literature 'on  that  subject* 

On  p%e  -406  of'  thte  "Report  upon  the  Physics  and  Hydraulics  of;  the 
Mississii)pi  RiVer,"  by  Humphreys  arid  Abbot,  th6  following  appears, 

in  regard  to  the  reservoir  system: 

■    '  •     '         ' '      •        •      ■  •    '    ■ '       '  ••■',..•: 

"The  plan,  in  theory,  is  admirable,  and  has  long  been  a  subject  of 
discussion  among  European  engineers.  Artificial  lakes  for  protection 
against  flbbds' wet^  constructed  as 'early  as' 1711  ut)on  die  upper 
Loire,  and  they  hdve -since  been  advocated,  bo^h  for  improving  naviga- 
tion  and  for  restraining  fl^oods,  ,by  eminent  writers,    *    *    *." 
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Mr.         From  page  407  of  the  same  publication : 

"Little  consideration  is  niecessary  to  make  it  apparent  that  this 
system  is  not  iEipplicable  to  restraining  the'tfloods  of  all  rivers.  Certain 
topographical  conditicois  are  essential  to  its  success.  The  valle^y .  must 
be  of  such  a  character  that  dams  of  reasonable  dimensions  caj;  be  con- 
structed, which  shall  keep  back  the  identical  water  which  otherwise 
would  rindke  up  the  flood.  It  is  not  sufficient  for  this  purpose,  as  for 
improving  navigation,  that  a  large  volume  of  water '  may  be  collected 
by  the  accumulations  of  months.  The  floods  of  great  rivers  are  tor- 
rents, caused  by  rapidly  melting  snows  and  by  widely  extended^  and 
Jieavy  rains.  Thie  greater  part  of  this  water,  does  not  drain  from  the 
repiQfte  mountain  sides,  and  issue  from  the  distant  moimtain  g(;)rges. 
It  falls  in  the  valley  itself;  and  the  nearer  to  the  main  river,  the  more 
sudden  and  disastirous  will  be  its  effects;  partly  from  the  more  rapid 
accumulation  in  the  main  stream  of  the  contributions  of  the  tribu- 
taries, and  partly  from  the  absence  of  the  natural  reservoir  famished 
by  the  various  channels,  which  must  be  filled  before  a  freshet  originat- 
ing near  the  sources  can  reach  the  lower  part  of  a. river.  To  control 
such  floods  with  certainty  and  economy  by  artificial  reeservoirs,  it  is, 
therefore,  essential  that  certain  important  tributaries  which  drain 
relatively  large  portions  of  the  basin  shall  debouch  near  their  mouths 
from  narrower  gorges,  where  dams  can  be  constructed  at  reasonable 
cost,  and  where  artificial  lakes  can  be  formed  without  injury  to  other 
interests/'  ' 

,   From  page  40S : 

» 

"In  order  to  give  a  more  definite  character  to  these  conclusions, 
they  wiU  be  reduced  to  figures  by  aid  of  the  data  collected  respecting 
the  great  June  flood  of  1868,  by  which  the  merits  of  all  these  dif- 
ferent plans  of  protection  are  to  be  tested. 

"To  have  protected  'the  whole  delta  and  the  borders  of  every  stream 
in  it,  primary  or  tributary'  agfainst.thi^  flood,  not  more  than  1050  000 
cubic  feet  per  second  could  haive  been  allowed  to. enter  the  head  of  the 
alluvial  region.  Even  this  quantity  would  have  submergeii  liiuch 
of  the  lower  country,  had  not  the  tributaries  below  the  Ohio  been  so 
Very  l6w  that  their  united  contributions,  joiined  to  this  amount,  would 
only  have  been  sufficient  to  maintain,  the  riy^r  at  full  banks..  The  con- 
diti<:>ns  <)f  tys  floojd.w^re  then  the  most  favorable:  possible  for  the 

reservoir  system.   ;  . 

'during  the  thirty-six  days  in  1858  from  May  25  to  June  29,  in- 
clusive, the  total  amount  of  water  passing  the  latitude  of  Columbus 
exceeded' by  648 172  806  000  cubic  feet  that  which  would  have- i^esiilted 
from  a  discharge  per  second  of  1050  000  cubic  feet.  Reservoirs  situ- 
ated abovjs  the  mouth  of  the  Obio;,.  and  sufficient  to, have  kept  back 
in  fib  single  month  fully  600000.000 000. cubic  feet  of  ;?^ater  ["14  000 000 
acre-ft.]  would,  therefore,  have  been  essential  to  the  security  of  the 
delta,  if  this  system  had  been  depended  upon  for  restraining  this  flood." 

..   trom,  a  report  on  the  examination  of  reservoir;  sites  in  Wyoming 
and  .Oolofradq,  by  Hiram.  ,M*  Chittenden,  M.  Am.  Soc  d  !E.>  Captain 

(now  General,  Eetired),:  Corps  of  Engineers,  U.  8.  A.:*  .   . 

■  'j-      ■  I   .   .      .    ■     ,         '     . '      ^ '      '  ' '    .  ■  ,    ''    ' 

*  Annual  Report,  Chief  of  Engineersi  U.  S.  Artiiy,  for  1898,  Appendli  Pi*,  p.  ^5.     ^  ^ 
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"In  no  other  portion  of  her  works  ha^  nature  left  so  miK^h  to  be    Mr. 
done  by  the  engineer  to  supplement  her  defioiencies  as  in  the  modi£ca-  ^**®''- 
tipn  of  the  natural  flow  of  her  streams,  for  in  no  other  respect  are 
her  works  qo  ill  adapted  to  the  us^  of  man.    The  ideal  stream  would 
be  one  in  which  the  flow  should  be  uniform  from  one  yearV  end  to  the 
other,  or,  if  not  uniform,  varying  directly  with  the  magnitude  of  the 

uses  to  which  it  is  put. 

■.   . ,  •  .  .    •^       .     ■    . 

*  *  *  *  »  *  * 

"It  is  not  surprisang,  therefore,  that  one  pf  the  chief  concerns  of  th^ 
engixieer  is  the  apaeliapation  or  jM^evei^tion  of  the  evils  of  this  un- 
fortunate, arrang^nent  of  nature.  IS^illions  of  dollars  are  annually 
expended  to  make  up  for  the.  deficiency  of  water  in.  seasons  of  drought, 
and  like  sumg  to  prevent  or  alleviate  the.  evils  of  .exces3ive  flow. 
Singularly  enough,  tjae  measures  generally  adopted  are :  put  forward 
in  diaregarcj,  pf  one  of  the  conimoneet  ruleg  of  scientific  practice.  If 
an  evil  condition  of  things  is  to  be  corrected,  the  rationed  method  of 
procedure  is  to  remove  the  cause. .  In  all  river  engineering,  however, 
the  measures  adopted  look  only  to  the  palliation  of  results,  ajid  leave 
the  cause  untouched.  River  channels  are  dredged  out  in  low 
water  and  levees,  are  built  to  protect  from  floods  in  high  water. 
Scjarcely  anywhere  is  the  effort  made,  to  prevent  the  occurrence  of 
either  high  or  low  water.  It  would  naturally  follow  that,  if  great 
evils  result  from  the  variable  flow  of  strea^ls,  the  primary  and  funda- 
mental object  of  the  engineer  who  ip  called  upon  to  correct  them  would 
be  to  make  this  flow  uniform.  Whether  or  not  this  object  is  possible 
of  realization  (arid  if  it  is,  by  what  m^ans)  is  therefore  one  of  the 
firiit  questipris  which  should  be  settled  in  any  comprehensive  project  for 
the  regulation  of  the  flow  of  streams. 

.'*  *  !*  *  * 

"*  *  *  The  only  possible  method  by  which  uniformity  of  flow 
can  be  secured  must  therefore  be  by  storing  the  surplus  waters  in 
seasons  of  flood  and  releasing  them  in  seasons  of  drought.    . 

^'There  is  an  additional  motive  for  the  use  of  reservoirs  besides 
that  of  securing  uniformity  of  flow.  Over  a  large  portion  of  the  land 
area  of  the  earth  in  civilized  countries  the  climate  of  winter  prevents 
any  considerable  use  of  the  streams.  Even  if  the  flow  were  entirely 
rrniform,  thai  jjortion  which  takes  plafce  in  the  season  of  cold  wfeather 
would  mostly  be  lost.  -  To  deriVfe  atiy  benefit  from  it,  it  must  be  stored 
and  held  over  for  the  season  of  warm  weather. 

"These' two  purposes,  viz. j  the  attainment,  of  uniformity  of  stream 
flow.aad  the  transfer  of  the.  winter  supply  to  the  summer  months  cover 
the  entire.  arguMient  for  reservoir  eomstruction.  /      ■ 

"At  fli/st 'tl;l6u^tit  it  Would  sfe^'  that  in  storage  reservoirs  li^  the 
^hble' solutipti'of 'the  riv€tr  prpbleni.  To  store  the  surplus  in' flood 
sieasdn'  and  use  it  in  seasori  of  drought  ought  appareritl;^  to  strike 
at  the'  rbot  of  the-  whole  difiiculty,  and  to  rendei*  uilheeessary  those 
palliative  "inedsuTes  which  alone  have  hitherto  received  thie  Sanction  of 
the  hydraulic  engineer.  Why  so  obvious  a  remedy  has  njByer  yet,  been 
extensively  applied  will  appear  in  the  course  of  this  report*,     .,.,•' 
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Mr.  "It  is  the  cost,  not  the  physical  diffieultiea,  which  stands  in  the  way. 

^'*'''  It  may  be  stated  that  as  a  general  rule  a  sirfScient  amount  of  storage 

can  be  artificially  created  in  the  valley  of  any  stream  to  rob  its  floods 

of  their  destructive  character;  but  it  is  equally  true  that  the  benefits  to 

be  gained  will  not  ordinarily  justify  the  cost,* 

"We  now  come  to  the  specific  question  of  reservoir  construction 
in  the  arid  region  west  of  the  one  hundredth  meridian,  as  exemplified 
by  the  reservoir  sites  examined  in  Wyoming  and  Colorado.  Are  there 
direct  and  primary  motives  which  would  justify  reservoir  construc- 
tion in  this  country;  apart  from  or  in  addition  to  those  arising  from 
their  effect  upon  the  regimen  of  the  lower  rivers!  The  answer  must 
be  that  in  no  other  part  of  the  United  States,  nor  anywhetv  else  in  the 
world,  are  there  such  potent  and  conclusive  reasons,  of  a  poblic  as 
well  as  a  private  nature,  for  the  construction  of  a  eomprehensive 
reservoir  system  as  in  the  r^on  here  in  questiOn.+ 

"*  *  *  in  many  sections  the  natural  flow  has  been  used  as  far 
as  it  is  practicable  to  do  so.  The  only  resource  left  is  to  store  that 
portion  of  the  flow  that  runs  away  in  nonirrigation  seasons  and  the 
surplus  in  times  of  annual  flood  and  sudden  freshets  and  make  thes^ 
also  available  for  use.  Not  until  that  is  done  can  a  stream  be  said  to 
he  really  utilized  to  the  fullest  extent. 

.  "While  there  are  these  clear  and  positive  arguments  in  favor  of 
the  storage  of  the  surplus  flow  of  our  Western  streams,,  there  are  none 
of  weight  against  it.  It  may  be  set  down  as  a  rule,  to  which  there  are 
very  few  exceptions,  that  every  artificial  body  of  water  created  in  the 
West,  by  which  the  surplus  water  of  its  streams  is  held  back,  will  be 
a  positive  benefit. 

id  up  to  the. following  conclusions: 
.r  system  in  the  arid  regions  <4- 
itial  to  the  future  welfare  of  this 

ure  the  best  development  of  such 
\i  the  General  Government.^  . 

"The  totat  extent  of  a  reeervoir  system  in  the  arid  regions  which 
shall  render  available  the  entire  flow  of  the  streams,  will  not  exceed 
1 161  600  000  000  cubic  feet  [approximately  %1  000  000  Mre-ft.].  If 
the  construction  of  such  a  system  were  to  consume  a  century  in  time, 
it  would  represent  an  annual,  storage  of  about  U  600000.000  cubic 
feet,  or  266300  aore-feet.  At  $5.37  per,  acre-foot  this  would, coat 
$1 430  031  per,  annum.  This  amount,  distributed  among  the  seventeen 
States  and  Territories  of  the  arid  r^ion,  gives,  an  average ,  annual 
expenditure  in  each  of  $84  119.    The  annual  value  of  the  stored  water 
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woiil(i  return  the  original  cost  and  ma^intenanee  in  an  average  p6riod    Mr. 
of  three  years."*  .  Sellefw 

■  .  Ill  a  p^per  on  '^Eeservoir  Systems,  and  Their;  Rejlations  to  Elood 
Protection,"f  by  C.  O.  Sherrill,  Captain,  Corps  of.  Engineers,  U.  S.  A^, 
presentee^  at  a  special. meeting, of  the  Louisiana  Engineerijag  Society 
on  June  25th,  1912,  the  following  aappear^;    . 

"The  moat  vital  question  of  th6  moment,  for  the  people  of  the  lower 
Mississippi  Valley  is  how  .best;  to  secure,  prptection  from  disastrous 
floods,  :such  as  tlie  .onQ,?;Lp^  .passing,  and  ia  th^  proper  solution  of  this 
question  the  sympathy  and  assistance  of  the  entire  country  should  be 
ready  to  aid.  Every  ftood  bringfs  forth  a  multitude  of  plaiis,  each 
purporting  to  be  the  only  one  capable  df  providing  the  necessary  cute, 
alid  most  of  themare  brought  out  as  something  entirely  new,  yet  each 
one  will,  on  examination,  be  foiind  to  have  been- carefully  considered 
and  thoroughly  investigated  years  ;ago.  One  of  these  propositions, 
renewed  recently  with,  great  energy,  has  been,  to  control  these  floods: 
l»y  means  of  reservoirs  located  near  the  headwaters  of  the.  tributaries. 

"In  view  of  the  fact  that  adequate  reservoir  systems,  for  the  con- 
trol of  floods  in  all  streams  would  strike  directly  at  the  seat  of  the 
trouble^  it  seems  remarkable  that  this  method  should  riot  have  b6e^ 
used  lotig^  ago  instead  of  the  iherely  defensive  method  of  elevation  of 
overflow .  land  or  the  erection  of  levees.    . . 

.  "*  *  *  The  c[i],e8tion,  therefore,  is,  Can  this  stream  flow  be  made 
uniform;  if  so,  how  and  at  what  cost?  ,*  *  *  I  must  answer  that 
a  reasonable  degree  of  uniformity  of  flow  can  be  secured  by  adequate 
systems  of  reservoirs  properly  located  alotig  streams  where  the  topo- 
graphy is  particularly  adapted  to  such  reservoirs;  hMt  as  to- the  pos- 
sibility of  such  control  for  the  Mississippi  below  Cairo,  or  of  the 
practicability  of  tbe^  scheme,  if  possible,  it  is  hoped  that  the  following 
remarks  will  be  of  spme.  assistance  in  determining.? 

This  paper  concludes  :•  •  .    :    .'  • 

"Taking  the  above  briief  summary  of  the  facts  into  consideration, 
I  must  conclude  that  the  control  of  the  Mississippi  floods  by  reservoirs 
is  impracticable  of  accomijliBhment  and  that  the  next  bfest  thing 
must  be  relied  -upon,  namely/  the*  levee  s:sT5tem  with  bank  -protectioa, 
which  should  bd.. completed  as  rapidly,  as  possible."        , 

The  Pittsburgh  Flood  Commission,  in  a  comprehensive  and  vol* 
uminous  report  Covering  a  recent  investigation,  concluded  that  th^ 
maximum  flood  crests  of  the  Ohio  at  Pittsburgh  caW  be  lowered 
api)roximately  '8 'ft.  by  the  storage  of  about  1 000000  acre-ft.  of 
water,  in  seventeen  reservoirs  on  thcJ  Allegheny  and  Monongahela, 
at  a*  total '  cd^t  of  about  $20  000  000.     • 

From  the  foregoing  it  appears  that  the  desirability  and  practicabil-' 
ity   of   reservoir  construction   depend   on   existing   conditions   in'  the 
drainage  area  of  the'stream  under  discussion;  therefore,  each  stream 


■  ,■"  ii  "iJ  I 


» »  I        t  *■■ 


*  Ta>c.  cit.,  p.  2878. 

+  Journal,  Association  o«  En^Hneerftig  86cietie«,  September,  1M2. 
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Mr.    should  be  subject  to  careful  analysis  before  definite  recommendations 
*  can  be  made.     As  the  Colorado  receives  almost  its  entire  supply  from 
melting  snows  at  the  head-waters,   it  would  appear  to  be  an   ideal 
stream  for  reservoir  control. 

Existing  Storage  Works, — Before  discussing  the  feasibility  of  reser- 
voir control  on  the  Colorado,  attention  is  called  to  Tables  2S  to  27, 
which  show  what  has  been  accomplished  by  storage  systems  in  various 
countries,  with  their  extent  and  approximate  cost. 

Table  23  contains  data  on  ten  projects  of  the  Reclamation  Service 
having  a  total  capacity  of  about  3  800  000  acre-f t.,  which  have  been 
constructed  at  an  average  cost  of  $2.65  per  acre-ft. 

Table  24  shows  other  existing  reservoirs  in  America  with  an  aggre- 
gate storage  of  2  383  500  acre-ft.,  built  at  a  total  cost  of  $2  629  800, 
or  an  average  of  $1.10  per  acre-ft.  In  this  list  the  storage  at  the 
head-waters  of  the  Mississippi  was  by  utilizing  natural  lakes,  the  out- 
lets of  which  were  controlled  by  low,  inexpensive  dams,  the  average 
cost  being  only  36  cents  per  acre-ft.  If  this  system  be  excluded,  it 
appears  that  the  remainder  amounts  to  only  283  500  acre-ft.,  which 
cost  about  $6.65  per  acre-ft.  In  this  table  there  are  also  five  sites  in 
Wyoming  and  Colorado,  suggested  by  Gen.  Chittenden,  aggregating 
939  200  acre-ft.,  estimated  to  cost  $2  709  500,  or  an  average  of  about 
$2.90  per  acre-ft.  This  table  also  shows  70  415  acre-ft.  of  storage 
in  Europe  and  Australia,  which  have  cost  $74  per  acre-ft. 

Table  25  contains  data  on  ten  works  in  I^rance,  having  a  total 
capacity  38  593  acre-ft.  and  costing  $3  518  900,  or  about  $91  per  acre-ft. 
This  table  also  shows  that  38  400  acre-ft.  of  storage  in  Austria  has 
cost  $232  per  acre-ft.,  while  in  Canada  reservoirs  containing  3  800  000 
acre-ft.  are  being  created  on  numerous  lakes  on  the  Ottawa  River 
at  an  estimated  cost  of  20  cents  per  acre-ft.;  and  further,  that  about 
700  000  acre-ft.  in  South  Africa  have  been  built  at  an  average  cost  of 
$14  per  acre-ift. 

Table  26  gives  a  list  of  eleven  projects  in  Germany,  volume  488  111 
acre-ft.,  cost  $22  449  874,  or  $46  per  acre-ft.;  shows  that  Russia  has 
800  000  acre-ft.  on  the  Volga  (no  records  of  cost) ;  and  that  five  systems 
in  India,  aggregating  775  350  acre-ft.,  cost  $6.77  per  acre-ft.  The 
storage  of  about  1  900  000  acre-ft.  at  the  Assuan  Dam,  in  Egypt,  has 
cost  al?out  $10  per  acre-ft.* 

The  completed  storage,  (Canada  being  excluded  as  under  construe- 
tion)  is  summed  up  in  Table  27. 

Although  there  are  many  storage  dams  for  water  supply  and  power 
in  various  parts  of  the  world,  they  are  of  such  relatively  low  capacity 
and  high  unit;  cost  that  they,  have  no  place  in  a  discussion  of  this 
kind    The  foregoing  data  are  not  submitted  as  complete,  jbut  include 

all  the  larger  systems  for  river  control,  of  which  records  are  available 

■ '  "  '  ..  ■  I '■ 

*  Kngifheerinig  Record^  January  lltliu  191-% 
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to   the  writer;    and:  it .  is  .  believed,  that   thfey,  cover  the*  field   quite    Mr 
thoroughly.  .       .   .^*^''- 

It  appears  that  the.  storage  in  thie  United  States  (which  is  about 
50%  greater  than  that  of  the  rcfst  of  the  world)  as  listed  in  these  tableSj 
has  cost.  on.  the  averaige  .onjy.one^ninth  as  nauch.per  unit  of  volume^ 
while  ,  the  maximum  ;  cost,  that  of.Austria,  is  about  11.6^  times  the 
average,  in  America.  The  low  .co^t  of  tl^e  storage  created  by  the 
Reclamation  Service,,  when  compared  with  that  of  the.  rest  of  the 
wqrld,  is  shown  in  a, mc^t  remarkable. na^nner. 

TABLE  27 .-^SUMMARY'  o^  (Jompleted  BeserV^irs. 


-.-L- 


Acre-feet. 


Cost. 


FOREION. 


Egypt 

FtHnce; :..i 

Qermmiy .^ . . 

Aui^trte .........:....:. 

Russiqi— no  cost  r^ord^.*. 

India ...:... 

Soutb  AfficaJ ...;.« — 

Miscellaneous  foreign 


'ft 


1  900  000 

88  60B 

488  111 

38  400 

"maro 

099  696 
70  416 


4  010  466 


$19  760  000 

fr  618.000 

22  498  000 

8  890  000 

"6*266'666 
9^000 

6  m  000 


$74  918'OiOO 


74  91S  OOP 
4  010  466 


=    $18.70  per  lUire-ft. 


i  •  •  r 


I  ■  I  i  I     I  pw 


United  States.  , 


lUyplamation  Service. 
Other  systems 


8799  300 
2JB83'500 


6  1^2  800 


$10  006  000 
.2  61^800 


'I  M' 


I  *       I    I  ^  J   f   I 


$12  684  80O 


12  634  800  .„  «n. 

^^ =*:    say,  $2.00  per  acre-ft/ 


6  182  800 


I  ■ .  ■  i,_  ,.^^-1 


Determining  Factors. — The  feasibility  of  controlling  a  stiteam  by 
storage  will  depend  largely  on: 

.  (1)  The  cost,  including  the  value  .of  the  area  flooded,  when  com- 
pared with  tliei  bene$.ts  to  be  derived;  \ 

(2)  The  quantity  of,  storage  required  and  whether  sufficient  vol- 
ume is,  available.  ^  .•     .. 

(3)  The.  situation  of  such  storage,  whether  it  is  placed  so  as  to 
control   properly   the   water-producing   zone   of  the   drainage 

.'■■••  ^^^>        -    '•.  ■;.   ■•..      ■.    ■:   ■■     .   .-   „;.  ...... 

.(4)  The  character .  of  ijie  water  to  be  impoundeii,  whether  it  is 
clear  or  so  chargei  with  sediment  that  the  silting  will  unduly 
shorten  the  life  of  the  works. 
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^  Mr.  These  factors,  as  applied  to  the  Colorado,  will  be  considered  in 

the  foregoing  order. 

The  Cost, — From  what  has  already  been  written,  it  appears  that, 
where  storage  exists  in  the  arid  regions,  its  cost  is  reasonable.  As- 
sume that  the  cheapest  sites  hav^  been  taken  up  and  that  future  storage 
will  cost  twice  as  much  as  that  already  created  by  the  Reclamation 
Service  ($2.65  per  acre-ft.),  and  we  have  $5.30  per  acre-ft.  This  is  in 
close  agreement  with  Gen.  Chittendeii,  who,  as  previously  Stated,  esti- 
mated $5.35  for  all  storage  needed  in  the  Arid  West.  Of  course,  each 
site  must  be  carefully  examined,  and.  detailed  estimates  must  be  pre- 
pared, which  will  no  doubt  vary  considerably  from  the  foregoing,  but, 
from  what  has  been  stated,  the  figure  given  appears  to  be  a  fair 
and  reasonable  one  to  use  in  this  discussion. 

Volume  of  Storage  Required. — An  intelligent  discussion  of  this 
.  phase  of  the  matter  would  be  greatly  aided  by  continuous  discharge 
measurements  on  the  Colorado.  River  at  various  points,  and  extending 
over  a  long  period.  Unfortunately,  however,  such  measurements  do 
not  exist.  The  most  complete  records  are  those  made  at  Ytima  since 
November,  1902,  by  the  Reclamation  Service.  These  observations 
include  current-meter  measurements  three  times  each  week.  Previous 
records  ...of .  the  flow  at,  Yuma  are  based  on  such  insufficient  data — 
being  a  few  scattered  meter  measurements  from  which  a  rating-curve 
was  constructed — that  they  are  of  no  value  in  this  discussion.  The 
wide  variation  in  the  quantity  flowing  for  the  same  gauge  height,  due 
to  the  change  in  cross-section  caused  by  scour,  renders  observations 
without  a  meter  measurement  practically  worthless. 

Table  .28  shows  the  total  discharge  of  the  Colorado  (excluding .  the 
Gila)  by  months,  in  acre-feet,  the  mean  monthly  discharge  in  second- 
feet,  and  also  the  total  discharge  in  acre-feet  per  year  from  1903  to 
1912,  inclusive.  This  table  shows  that  the  yearly  discharge  has  varied 
from  a  minimum  of  9  800  000  acre-ft.  in  ld04,  •  to  a  maximum  of 
26  300  000  acre-ft.  in  1909.  The  total  monthly  discharge  has  varied 
frdm.  a  minimum  of  182  500  acre-ft^. ii^  February^.  1,903,  to  a  jn^iinum 
of  6397  000  acre-ft.  in  June,  1912.  .   :        .     .       : 

In  considering  the  uses  of  the, stream  for  irrigation,  it  is  proper 
to  forecast  as  nearly  as  possible  the  lowest  flow, that  is  to  be  anticipated. 
In  doing  this,  the  writer  has  compiled  Table  29,  rfiotviiig  what  may 
be  called  an  "ideal  minimum  yea^'^  and  also  tl^e  monthly  use'  of  ^ater 
for  irrigation  at  Yuma.  This  table  has  been'  cbnstrxicted  by  selecting 
from  Table  28  the  minimum  January  discharge,  the  minimum  Febru- 
ary discharge,  etc.,  for  all  months  included  in  the  latter  table.  This 
gives  a  minimum  year  containing  a  total  discbarge  of  8  316  600  acre-ft., 
and  these  discharges  are  shown  in  monthly  totals  on  the  diagram, 
Fig.  70.  
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Mr, 
Sellew. 


For  the  present,  the  duty  of  water  in  this  vicinity  is  ^ussumed  as 
5i  acre-ft.,  its  use  being  distributed  throughout  the  year  as  shown  in 
Table  29.  It  is  hoped,  and  indeed  expected,  that  this  use  of  water 
will  be  reduced  considerably  as  larger  areas  are  put  under  cultivation 
and  the  settlers  beconie  more  skilled  in  the  application  of  water,  but 
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Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec. 
-  '  Fig.  70. 

for.  the  present  this  appears  to  be  the  best  distribution  for  calculations, 
in  view  of "  the  fact  that  the '  use  now  is  considerably  in  excess  of 
5i  :acre-ft.  On  Fig.  70  is  also  platted  the  use  which  can  be  made  of 
the  stream  for  irrigation  without  any  regulation  whatever.  This  was 
ascertained  in  the  following  manner:    The  use  of  water  in  February 
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beins  about  0.25  ael'e-ft.  and  the  lowest  run-off  in  that  month  being  Mr. 
182  500  acre-ft.,  it  was  found  that  thiir  qUaiirtity  was  sufficient  for  th^ 
watering  of  730  000' a<ir6B.  This  was  assumed  as  the  limiting  moUth. 
If  greater  areas  were  placed  under  cultivation,  there  would  be  a  short- 
age in  that  montii  at  a  time  when  the  new  crops  are  usually  going  in. 
Taking. this.  730  000  acres  as  a  basis;  and  platting  the  monthly  duty 
in  the  ratio  shown  in  Table  29,  it  appears  that  the  volume  of  water 
used  will  be  that  shown  by  the  shaded  area  in  Fig.  70,  This  arrange- 
ment may  create  a  slight  shortage  in  September,  but  the  use  in  thsit 
month  is  so  near  the  minimum  run-off  that  the  danger  is  C(»i8idered 
of  slight  importance  and  is  neglected. 

TABLE  29.— l^miiiUM  Monthly  Dischabob  of  Oolorado  Bivbb 

AND  t)lSCHAHG£  IN   BaTIO  OF   MoNTHLT  DuTY. 


■Month. 


January... 
February. . 

liarch 

April 

May........ 

June 

July 

August...,. 
September. 
October. . .  * 
November. 
I>ecember. . 


f  %*,»•»  t  h 


Totals,  i, 


Minimum 

diflcbJMlKe, 

in  acre-feet. 


185  407 
18S581 
1107  700. 
479  668 
1870  000 
2560  000 
904  476 
691480 
866  948 

8S1  871 
96(^506 


8  815  604 


MonU^ly 
duty. 


O.SO 
0.S6 
0.80 
0.41 

o.ds 

0.70 
0.90 

Q.80 
0.66 
0.S8 
0.96 
0.22 


5.50 


Percentage 

bf  totaf 
yearly  duty. 


8.6 

4.6 

5.4 

7.4 

9.4 

12.8 

16.4 

14i6 

10.8 

6.9 

4.7 

4.0 


100.0 


Mpnthly  discharge 

for  year  in 

ratio  of  duty. 


802 
878 
458 
619 
786 
068 
860 
200 
846 
674 
898 


801 
000 
600 
801 
100 
100 
700 
600 
701 
500 
160 
661 


8  815  504 


It  is  well  to  remark  that  the  continuous  irrigation  of  730  000  «^cres 
depends  oh  the  diversion  of  the  entire  river,  and  is  substantially  all 
that  can  b^  accomplished,  unless  th^  stream  is  regxdated,  even  shouJd 
the  duty  of  water  be  increased,  for  it  is  seen  that  the  use  of  water 
at  the  extreines  of  the  year  is  as  low  a9  can  be  anticipated,  and 
although  a  saving  may  be  made  in  the  summer  months,  it  will  allow , 
an  increase  in  the  cultivated  area  only  during  those  months,  because 
the  crops  which  can  be  grown  continuously  for  twelve  months  in  the 
year  are  limited  by  the  small  quantity  of  water  available  during 
low  flow. 

There  is  drawn  on  Fig.  70  a  line  showing  the  uniform  flow  through- 
out the  year,  which  T^fiuld  be  at  the  rate  of.  690  000  acre-f t.  pet  month. 
The  establishment  <»f  such  imiformity  in  discharge  would  be  of  value 
in  controlling  the.  floods  and  also  for  power  purposes,,  but  it  is  extremely 
wasteful  toward  the  irrigation. interests,  because  this  line  is  practically 
coincident  with  the  maximum,  use  of  water  in  July  for  730  000  acres. 
The  reinforcement  of  the;low.flow.by  this  method  would  not  allow  an 
increase  in  the  airea  under,  crop  in  the  summer. .  It  would  cover  more 
ground,  however,  during  the  winter. 
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8ei£w  :T^b}e^9.  aUp  shows  t)ip . p^oentages  bf  irrfea^uig : water. ifequijred' 
-  ''per  month*  and  on  this  basi§  .th^:dipcJipUg^.qf  tbo  Iqw.-vf&t/^r  yesa  oi 
8  316  500,  acre-ft.  has  beei^, distributed..  This  assmnectcon^ptetejogrula- 
tjon  <>£  the  river,  eijtirely  i:a  th^.ipteifeste  of  irrigation,:  .and*  tiw  dis-' 
tyibutioj?..  throughout  the./year  .is  showti.  by  the  shaided  line.  TUhdw 
sucl^  regulatipn,..3i500;000  acres  (^hii^h  agrees. with -the  ^uthor^^^V 
Da9,te)  qo.uld  be  .irrigated, :  This  is  the'Rrea  that  oomld  be  seryed.with 
the  flo^  o£ ;  l^he  ,  Colorado:  ps^t  Yunait-  as .  observed :  durbig  the  'yeaw. 
H^der  discussion.' .  The.  lowejf.Gilft  i^so  i^rraltic,:  in  ite  discharge  Jtbati 
i|t  is;  p.o|i.'^  .?^e?y  dependable  fiupply,  .for-  which  reason  it  is  omitted. 
To  the  foregoing  should  be  added-  any.,  area.. existing: in  the'ia^ear. 
reaches  already  under  cultivation  and  which  it  is^^ssumed  has.  re- 
ceived its  supply.  •  To  regulate  the  tiVer  ks  indicated  would  *reiq[tiire  a 
storage  capacitj^  of  aboiit  2  400  000  acre-ft.^  wtich,  at  $^.3b  per  acre-ft., 
would  cost  $12  720  000.  Si^cli  regulation  w  low-water  years  would  also 
have  a  very,  beneficial  effect  on  the  flood  discharge.  The' mrfximum 
monthly  voltiine  vfeiiM  be  about  1400  000  acre-ft,^  equivalent  to  Ap- 
proximately 60  000  acre-ft.  per  day,  or  gSOOO  sed-ft:  The  effpct.bf! 
this  discharge  on  the  bed  tmd  banks  would  be  Hut  slight,  as  oom^ 
pared.  Vith  whatgoe^  on  at  thepi^esent  time,.  aJid  would  keep  the  lower 
river' well:  within  its  banks.  .  .V.'  .  .     i  • 

Although  this  amount  of  stprage  would  make  the  river  an  xdeAl 
one  for'  .  irrigation  fliiring  periods  <if  ordinary  low  flow,  it  would 
have  iittle  beneficial!  effect  on  floods  in  the  maximiim  years,"  as'  wUl 
be  seen  from  an  inspection  bf  the  diagrams  on  Plate  LV.  Here  the 
daily  discharge  in  acre-feet  during  the  fliod  periods,  is .  shown  for.  the 
years  1903  to  1912,  inclusive.  •  .  . 

^  '  When  the  river. at  Yiima  rises,  above,  125  on  the  local  gaugCj  over- 
flow occurs  at  various  point's  'witliin  the  limits  of  the  Yuma  firpjectj 
aiid  levees  become  a  necessity!  If  flie  control  "of  the  stream  by  atpra^e. 
is  to  regulate  th!e  discharge  iii  such  a  way  that  levees  will  not  bet  re-, 
qiiired,  the  volume  passing  when  the' gauge  is  above  126  naust  be  stored. 
On  the -diagi^ams  referred  to,  a  torizontal.  line  lias  been  drawn  repre- 
sfeiiting  125  oh  th^  Yuma  gkuge,  and  tbie  volumes  of  discharge  above . 
this  gfiiuge  height  iii  Various  years  are  clearly  marked.     The^  were:     . 

In  1903 933  000  acre-^t.     -   ^ 

1906  •••'•'•'•■•••••'••'••'»'••••♦»•'►'•••• '^'^  •'• '''2'o^& 000    • ' 

.     1906..... ....:.....;•;.:.... ;.;v;i2'»43!000 '^':'^^'    : 

1907 ...i.  ..*•*-;...;.:.;....  ..'.v..-.70S5:000  '   "'     « 

1908. ...;..,:...;;. .v.... ,..;.:. :......;      S^  OOO     '^  ■^•' 

1909  .........;..../,....:..;.......;:  *6391000     '^     **'    •     ' 

1910  (the  gauge  did  not  rise  above  126)  .    .  f 

1911  .:.....:......:.......... ..:......     94000:    "     « 
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:A»idiii.l!he8«»0H'-juBt:paafled.  J. :.~-.,. ..-■... .aillflBO.ftcwh*.    ■ 
,     A  total<*£,81fi8ft«».a(trei*t.,  or BiiaTOP»eeaf  2:168000  :  ".  ■  .*f 
.     .  -fi»  tl».'taa-y^r,i)eriod.:   ■, 

If  storage  is  to,  te  created  for  fixe  maximum  oif  ,theae,  quantities, 
7,055  OOO  acrg-ft.— and  this  is  necessary.  ^ .  ajl  overflow  jp  .IB;  be  piOf 
Mbited  along  tliB  lower  riyec—tte  cost .  of  stoxagey  i^  .fli^oiei^t  pitea 
existed,  would  be  ^37  391 5.00,  estimated  .at  $5.30per  acj«-ft. '  Shpij'd 
this  be  considered  aji  eijceflsive  pi-pyisicaito.jjMilte,.. aiid.it  ^rere  thougti 
better  to  tal^e  what  dajnage  would  come  from  a  flood  of  this  kiad 
(which  might  be.  of  infrequent  occurrence).,  trad  storage  were,  provided 
for  the  next  largest '  year,  which,  is  1.909,  6  3^1000  aere-ft.  would  he 
required,  whi<ii  would  cost,., on  tte.^ame  basis,,  $28  573  300.  .  T^is 
would  give  a  protection  that  would  have,  been  ample  d^riiiB  th^  last 
.10.  year%  .with  .one  exception,. .  If  we  take  the  average  of  th,e  , excess 
discharge  at  Yuma  aboye.the  1^5.  gauge  fgr.  the  lasi  10  .years,  we 
get.  3  l68  000  .acre-ft^  -^hich  is  about,  tha^  required  to  regulate  th^  low 
flow  in  the  interests  of  irrigation..  The  .cost,  of  creatiug  thh  ^oupt  p| 
storage  at.*5.30  would"  .be  811.490  400. "  With  such  control, of  the  "riyej> 
however,  overflow  would  have  occurred  in  5  years  during  the,  last,  10. ,.  ,■ 


i- 


Attention  ia^icected  tftTabl^  3i  wljtich  19.  an  exhibit  of  the  annual 
discharge  of  the  river. from  1894  to  1811,  inclusive,  a  period  of  18 
rears,  ^he  first  9  jj^ears  ha«e  an  average  discharge  of  7  3^  000  aoierf t., 
and  the  last  9  .jeaiFs  show  an  average,,of. ,17  556  000  aci'e-ft,,  indicating 
a  most  remsriuhle,  sudden,  and.  continu^qt  increase  in  mza-oS.  Suoh  an 
increase  mij^t  be  possible  with  a  small  drainage,  but,  with  a  tributary 
area  of  more  than  .250  000  sq.  miles,  the  variation  appears  to  be. alto- 
gether too  much.  To  aid  in  the  examinatidvof.this  question,  various 
publications  of  the  Weather  Bureau  have  been  used  in  the  preparation  of 
Fig.  71.  Tor  the  uortbem  part  of  tLe  Water-ahed,  ho  continuous  di- 
aervations  within  the.  dr^iuage  area  appeared  to, he  -available,.  thef&; 
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Mt.  fore  Denver,  Salt  Lidce  City,  and  Oheyenne  were  used.  These  stations 
*  are  probably  indicative  of  conditions  within  the  ai^a  under  considera- 
tion. For  the  central  and  soulJaem  portions,  the  records  of  Prescott, 
Tucson,  Yuma,  Phoenix,  and  flagstaff  were  taken.  The  average 
precipitation  for  the  entire  period  is  12.92*  In.,  shown  by  the  heavy 
lind.  That  for  the  period  1894  to  1902  is  11.7S  in.,  and  for  1903  to  1912 
is  15.20  in.  These  latter  amounts  are  indicated  by  the  shorter  and  lighter 
lines.  Thus  it,  appears  that  although  the  run-off  in  the  latter  half  of 
the  period  cohered  by  Table  3  is  about  2.4  times  that  of  the  first  half, 
the  increase  in  precipitation  was  only  1:3  times.  Furthermore,  it 
appears  that  the  Sudden  increase  in  prcicipitation  did  not  occur  until 
2  years  after  the  change  indicated  by  the  table.  There  is  no  doubt 
that  there  is  considerable  difference  in  the  run-off  of  the  two  periods, 
but  it  is.  not  nearly  as  great  as  Table  3  indicates.  The  explanation 
is  clear :  In  Noveihber,  1902,  careful  and  systematic!  gaugings  of  the 
stream  were  inaugurated  at  Yuma  by  the  Beclamation  Service,  and 
the  data  since  collected  are  depepdable.  The  data  prior  to  that  time 
are  based  on  a  rating-curve  constructed  f roin  So  few  observatioiis  that 
the  results  are  worthless.  The  first  half  of  Table  3  should  not  have 
been  presented. 

Available  Storage  Sites, — Having  indicated  in  a  general  way  the 
volumes  of  storage  required  to  attain  various  degrees  of  control  of 
the  Colorado  at  Yuma,  the  next. inquiry . relates  to  the  existence  of 
such  storage.  The  writer  has  hot  the  advantage  of  having  made  a 
pergonal  examination  of  the  upper  ^iver  and  its  tributaries,  hence  this 
portion  of  the  discussion  must  be  limited  to  the  data  found  in  pub- 
lished reports  to  which  he  has  access.  The  only  authLentic  data  found 
are  contained  in  the  various  annual  reports  of  the  Beclamation  Service, 
to. which  reference  is  made  for  more  complete  information.  The  first 
reference  is  to  the  Second  Annual  Report,  page  123,  "Investigatiens  on 
Colorado  River",  where  mention  is  made  of  the  various  schemes 
examined.  On  page  132  .data;  are  given  of  a  dam  site  at  Williams 
River,  where  1300  000  acre-ft.  of  storage  may  be  created.  The  state- 
ment is  made  that  investigations  of  a  site  at  Bulls  Head  were  abandoned 
because  of  poor  foundation.  A  100-ft.  dam' -at  this  point  wbUld  pro- 
Vide  storage  for  845  000  acre-ft.  The  lower  end  of  Pyramid  Catiyon 
was  examined.  Surface  conditions  appeared  to  be  favorable  for  a  high 
dam,  but  no  suitable  foundation  was  found.  If  it  were  possible  to 
build  dams  at  these  points,  the  scheme  would  be  impractical  because 
the  reservoirs  would  soon  be  filled  by  the  •  deposition  of  sediment, 
which  will  iappear  from  data  given  later.  Reference  is  made  to  this 
diffi<iulty  in  the  Second  Annual  Report,  page  165,  where  we  may  read: 

"In  connection  with  this  question  of  the  study  of  reservoirs,  which 
silt  up,  it  seems  mo&t  necessary  that  a  tWough  inv^tigatibn  be 
made  of  the  reservoir  possibilities  upon  the  head-waters  of  the  Colorado, 
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aboye.the  paints  wlieirQ  the  Btream^  cariyiDg  large  quantities  of '  silt    Mr. 
enter,  so  tliat  permanent  reservoirs  may  be  established  in  anticipation  ®®**®^* 
of  the  fime  when  all  the  irrig^^ble  lanfls  alon^  the  .Colorado  will  be 
under  ditch."  .  ,,.... 

;Thii&  the  Sebond  Annual  B^ort  shows  no  available  storage  sites 
for  the  piBrman^it  control  of  the  nver. 

•  The  Third  Annual  Beport^:  page  70,  has  the  following : 

"Colorado  Kiver  Storage  Projects.— As  it  has  been  thought  neces- 
sary to  store  water  in  the  Bocky  Mountain  region  for  thiQ  regulation 
of  the  flow.. of  the  Colorado  Biver,  with  a  view  to  the  reclamation  of 
about  600  000  acres  of  land  along  the.  lower  Coloradlo  in  Arizona  and 
California,  certain  reservoir  sites  have  been  withdrawn  in  western 
Colorado,  two  of  these  being  on  Grand  Biver,  in  Grand  County,  and 
two  on  Yardpa  Eiv6r,  in  Boutt  County.  Preliminary  examinations 
have  been  .mule;  of  .all  these  sites,  and.  some  of  thw^  have  been 
surveyed." 

Cb'page  217,  tiie.  Kreinmling  site  is  credited  with  a  capacity  of 
1500000  acre-ft  At  Grand  Laike  about  2S000  acred  are  reported  a6 
withdrawn,  but  no  capacity  is  given.  Two  sites  on  the  Yampa  were 
located  :and  .  100  000  aqres  withdralvny.bUt  no  capacity  is  given,  as 
the  data  were  not  complete..    .•.  . 

In  the.  Fpurth  Annual  Beport,.  page  121,  it:  is  stated  that  at  the 
KremmUng  site  more  than  1000000  acre-ft.  may  be  stored  by  a  dam 
180  ft.  high,  and  that  a  230-f t.  dam  would  impound  2  200  000  acre-f t. 

On  page  124  reference  is  made  to  further  examinations  on  Grand 
Biver  above,  the;  Kr^nmlii^  ^ite,  where  it  is  stated  that:  ^Tew  reser- 
voir .a;nd  djai](:^,  sites  worthy  of .  investigc^tion  were  encountered  duriqg 
the  recoxiQaissance*" 

Beference- is  made  to: 

Windy  Gap  site— capacity . '. . .:.....  100  000  acte-ft. 

Lehman  site— capacity .. .....:...:;.'....    24  000     '^     « 

Qr^d  Lake— capacity. . . : . .". ; ; . ......;  .140000     «     " 


I  I 


264000  acre-f t. 

, .  ' '  •      ,         ■  ■         •   •  •    ,  '  '  ■   •     ■  .       •        '     .    "  ■ '      ■    .'  • 

The  first  site  is  crossed  by  a  railroad;  'would  require  a  large  dam-; 
atid  76%  orf  the  area  flooded  would  be  ranches  already  under  cultiva'- 
tibn«  The  second  site  Would  cover  valuable  land  under  cultivation, 
and  is  of  fidight  consequence  in  size.  Begarding  Grand  Lake,  the 
report  says,  on  page  127: 

"Considered  as  a  site  for  storing '  irrigation  water  for  use  along 
the  lower  Grand  and  Colorado  rivers;  Grand  Lake,  as  will  be  readily 
seen  from  the  foregoing,  would  be  of  little  vdlue.".    - . 

It  api)<Bars,  then,  that  this  report  shows  no  storage  sites  of  value 
except  the 'Kfemmling,  with  a  possible  capacity  of  2200000  acre*ft.  ' 
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Mf.  The  Fiflai  Anntial  Report  states,  on  page  154  •  that  ^he  fieta  Wdrk 

'  in  Qontie^rtibn  with  i^eservoir  sit^s"  6a  the  Colorado  was  bi^ou^ht  to'  a 
clbsid  late'  in  1906,  and  rio'  additional  igxaminations  have  been  ijnade 
since  those  described  in  the  Fourth  Annual  Report.  The  Sixth  Annual 
Beport:  gives  ho  additional  iixfocmatibb  regarding  this  matter.  '  On 
page  67  of  the  Seventh  Annual  Report  reference  is  ftiadie  to  investiga- 
tions for  storage  reservoirs  aloln^  the  Qreen^  River  aud  its  ^tribuliaries, 
from  which  the  following  is  obtained:   ..  /  , 

Flaming  Gorge  site— capacity. ........ .     860000  acre-ft. 

Miand  Park  site-^capacity ; . ... . .'. . : . .     160 OOO  •  ".     «    . 

Browns  Park  site—capacity.  ^ .  1 ....  .,..2  SOQ  000     "  .  '! 

•  '  •'  V    ..        3 000 000  acre^.  ' 

No  additional  information  is  contained  in  the  Ei^th,  Ninth;  or 
Tenth  Annual  Reports. 

Taking  from  the. foregoing. those  aites^which  af^ai" •  to  b^i. available 
for  storage  on  the.  tributaries  of 'the  Odlorado^wie  haVd :"  . 

Capacity  in  attre-feet.  " 

:    Grand  Riven  Kremnding  site: /.:....:.......:  2200  000 

Green  River:  Flaming  Gorge  site. . . :. . .ii. . . . . . •   SSO-OOO' 

;     i^  Island  Park  site* ........  i. ..  ...-ISOOdO 

'  •   Bi^iwns  Park  site. ......;'..'..  i.. ^6004100'' 

. ,  ,  .         .•   .  •  .  .  .      • .    ■  • 

■  Railroad  interektsj  hiaT^e  seetifed  contrbl  of  the  Kreriiinlitig  site, 
■therefore  its  'future  developririent  niay  prevent  the  cfektfoii'of  res6rvbirs 
of  any  magnitude.  Such  a  result  would  remove  the  only  known  reser- 
voir capable  of  controlling  the  Grand  River;  and  would  reduce"  the 
known  available,  stojJage  for  uses  on  the  Lower.  Colorado  ;to  3.000000 
acre-ft.,  all  confined  to  the  Green.  This  is  but  little  in  excess  'of  that 
required  for  minim.u,m-year  control  in  the .  interests  of  irri^fttion,  and 
furnishes  little  relief  in  the  years  of  maximum  flow,  when,  as  pre- 
viously shown,  .7  QQO  000  acre-ft.  must  be  stored  in  order  to  prevent 
.  overflow,  unless  dependence  is  placed  on  levees.  The  foregoing  data 
are  not:euffiei^t .to  determine  with: acQuraeyl.tbe  feasibility:Qf;  res^^rvoir 
<jonttol  on  tbe.'CJoloj^ado  ;Biveri  Before  conclusions  can  :be  properly 
djawn,.  investJgati  (to  .should  ahow.  the  .total  /available  stotfege,  ita 
geographical  distribution^ .  atid  whether  it  is  placed  so  .that- it -will  Con- 
trol the  run-off  from  the  various  parts  of  the  catoh^i^nt  area.-  .  Should 
sufficient  stoi:age  exist  to  sfLTue:  the.  surplus ,  of,  the.  maximupi,  years  for 
use  in  ye^rs  of  low  flbw,  the  irrigable  area, along  the  Colorado  could  b^ 
increased  correspondingly.      '    : 

The  Qi*«n^%;<j/.<S^ll^^rA8;  previously  .stated,  reservoirs  created  on 
the  Ipw^r.  ppr;|i<?rp,  of  the  strea]c^  would  v^rj^,  soon  fill  T^i^hd^posfts^.^^W 
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4be  liower  Ocrlorado  is  a  notorious  silt  4!a2^6r.    Professor  R*  H.  Forbes*    itr. 

saySy  regarding  Coloriulo  silt:     . 

,  •  >  •  .  ' '  ■   ■  ■  .  ■  ■  ' 

"Beginiimg  -vntli  Januftrt/th^  t^ulil^  low  winter  water'  averages 
about  62'pfaHi8'of  sediment  in  100  009 '  parts  of  water  during  January, 
February,  and 'Match.  These  sediments  are  probably  chiefly  th&  result 
oi  .erosion  uppii.  the  upper  riKrer  GhaiOnel,  rather. than  sucfacie  sweepings 
fj;Qto  the  drainiage- ..  During  April,,  as  the  ?*iver  rises  with  the  inciting 
^i^owsi  of  its  highest  water-shed,  and  its  erosive  power  increases^  the 
sediment  rises  to.  an  averagfe  of  U2  parts;  during  the  highest  waters 
of  May  and  June,  to  an  average  of  1374  parti;  de<ireasing  with  the  lower- 
ing waters  of  July  and  Auglist  to  an  average  of  122  parts.  The  sum- 
mer rain-stonsis  of  September,  October,  and  November,  partly  within 
Arizona,  bring  the  silt  to  its  maximum  (2  072  parts,  Ooti  8^18),  after 
whjtch  t^O;  .quantity :  sisiks.  .t<>  '^h^  jio^rma!  amount  for  winteif  waterd, 
I^vi9^aging..l51  parts  i;^  100  000  during,  the  two  months  ending  ^an. 

24,1901,;.-  ..  .,.;■■  ■•;  .;. 

«*  *  *  The  average  acre-foot  of  Colorado  river  water  for  the 
year  of  observation  eatried  7  291  pounds  of  silt,  varying  froin  1 182  [  to 
'56  410  pounds  W  shown  by  6^d6.y  (jompdsite  samples. 
-.,  <<On ' the i^asis '  of  ■  the  profile  constriicted >  from  available  data  for 
:1^6  vokanie  lof  .flow  of  the  Colorado,  and  of  the  year's,  silt  detecminiei- 
tiansmade  i^  this,  laboratory,  it -is  estimated,,  conservatively,  that  the 
river  during  JdOQ  brought  doiynahput  619^0  000  tons  of  sedimentary 
Wterial,  which,  condei^  to  the  form  of  solid  rpck,  is  enough  to 
QQver,  26.4  square,  miles  one  foot  deep;  or,  to /make  5^  a(luare»  miles 
'<jf  dry'  alluvial  soil  one  foot  deep';"  or,  to' make  about  164  square  miles 
'of  recentljr  si^ttled,  submerged  mud  one  foot  deep,  i^eckbnili'g  the  whole 
amount  of  mud'for  the  year  to.  average  6k2  times '«the  bulk  of  the  solid 
sediment."  ..      ." 

*'  From  th6se  eJctracts  it  appears  that  in  1900  the  volume  of  sediment 
Varied  from  ().062%  in  January,  Febfuary,  and  March,  to  0.374%  m 
May  and  June,'  and  that  following  desert  rains  it  was  as  high  as 
2.07  per  cent:  An  arefa'of  164  sq.  inile^  of  mud  lit.  deep  equals  105  000 
acre-ft:  Since  Miy,  1909,  the  Reclamation  Service  has  observed  the 
quantity  of  sediment  passing  Yuma,  the  results  being  as  shown  in 
Table  30.    . 

I    :       TABLE  SO.r^uANTiTY  OP  SEDiJtfEiJT  m  Colobapq  .RiVbr* 


-..: 


Year. 


Xl^JV •  •  •  •  «  t 

1910 

1912 


Total.. 


'Total  diBciiiarge,:  in 
acre-feet. 
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Mr.  ,  l^h^  obsetvutiona .  of  1909,  altbeugh  few .  in  nixodbery  coveirod  t^ 
*  period  from  May  26th  to  October  7th,  and  ahould  give  a  f air  aTera^. 
Those  of  1910  extended  from  April  19th  to  D^ember.Slst.  .In  1911 
they  extended  from. January  11th  to  December  2pth,  and  in  1912  from 
January  4th  to  November  30th,  the  diadiarge  bein^  estimated  to 
December  Blst  As  shown:  in  Table  30,  the  total  quantity  of  sediment 
passing  Yuma  during  the  last  4  yeaTs;  when  measured  as  fiiubmerged 
mild,  has  exceeded  1 000  000  acre-ft.  Thi^  proves  conclusively  thait 
reservoirs  for  the  permanent,  control  of  this  stream  mu3t  be  placed  on 
the .  head-watery  where  clear .  water  exists.    • 

The  author  dhows,  in  Table  2  an  ap|»roximate  storage  of  about 
10000000  aore-ft,  and  although  he  qualifies  the  table  by  stating  th«tt 
it  is  "theoretically  possible"  and  would  have  td  b6  reduced  for  ^'com- 
mercially feasibfe  developments,''  the  table  is  so  at  variance  ^ith 
facts  as  to  be  misleading  in  .its  present  form,  and,  likely  tp  l^d  /unin- 
formed persons. to  erroneous  cpi^clusionB.  Storage  on  the  Qila  is  out 
of  the  question,  a^  this  8treia9a,  parries  more  >  silt  durii^g:  itS;  flowxng 
season:  than,  the  Colorado.  Little  Colorado,  Bill.  WilliamB : Fork,  and 
8an  Juaii  miust  be  eliminated  for  the  same  reason.  Hie  Kreinmling 
site  is  in  the  handd  of  interests  foreign  to  irrigation  or  storage^ -d^ 
ment.  The  only  site  of  valuid  contained  in  Tablo  2"  is  Broiwmd  Park  oh 
the  Green,  which  has  a  capacity .  of  about  2  200  000  acre-ft;,  as  pte- 
vibusly  indicated..  This  analysis  reducea  the  a^thor^s  "theoretically 
possiW^  10 150  000  acre-ft  to  2  200  000;  reaeiFFPirs  which  will  silt  lup 
in  a  few  years  or  are  controlled: amx  that  they  cannot •  be-developed^  are 
not  in  the  'possible"  class. 

There  are  some  statQment9  vhich  the  writer  cannot  reconcile  with 
the  facts  .as  they  h»ve  come . under  his.  notice.  . .The  .arefi  oJf .  the.  Yun^ 
Project  is  some  130  000  acres^  instead  .  of  90  000,  Table  4  Elbowing 
m^^an  monthly  discharge  from.  1894  to  .1911,.  is  valueless,  for  the.resyuts 
from  .1894  to  1903  arcb^sj^dpii  eirropjeous,  data^as  pireviously  sho^m* 

•'HisEr"bt'  Bed." 

The  data  in  regard  to  the  rise  of  bed  at  Yiuna  are  based  on  observa- 
tions madie  largely  by  the  Beolamation  Service,  but.  are  not  considered 
by  the  writer  as  sufficiently  definite  to  justify  the  conclusions.  Al- 
though lihe,  advaujce  of,  the.  delta  into  the  Gulf  will  tend  to  raise  g;auge 
heights  at  points  above,*  certainly  many  more  observations  are  neces- 
sary before  definite  relations  can  be  established  between  the  rise  on 
the  Yuma  gauge  and  the  memory  of  a  steamboat  captain. 

There  is  at  least  one  other  cause  for  variation  in  gauge  height  at 
different  points  on  the  stream,  which  is  entirely  dissociated  from  any 
advance  into  the  Gulf.  There  are  two  points  on  the  lower  river  in  this 
vicinity  which  may  be  regarded  as  definitely  fixed.  Th^  are  Laguna 
Dam  and  the:  conglomerate  hiUs.  at  Yuma,  between  which  the  river 
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passes.  The  floods  of  1909  and  1912 '  carried  substantially  the  same  Mr. 
quantities  at  their  orests, .  150  OQO  sec-ftj,  but  the  difference  ia  the  ^"^'^' 
elevation  of  wajter  surfaces  between  the  Yuma  gaug^  and  I^aguna  Dam 
was  4  f t\gr^ateT  in  1912.  than  in  1909.  The  caspal  observer  might;, 
thi^  that  this  indicated  a  rise  in  tbjs  be4  of  the  stream.  li^is  io\m4,. 
however^  that  the;  slppe,  per  mile  was  substantially  the  sa,me,  bei^; 
1  ft.  in  1909  and  1.04  ft.  in  19^2.  The  rise  is  not  dye.  to  any  mltiiaig. 
up  of  the  channel,  but  is  plainly  caused  by  the  meanders  of  the  river.; 
The  records  show  that  the  distance  from  Lagutta  Dam.to  Yuma  has 
varied  as  follows:     '   :  ... 

In  186e... ;..:.... :...:..:... :.:,.  13    miles. 

1895..:...:..:..:...:.;:  ■:..:.:.::;..:.  11}     « 
''1902-:^:'.. /.v. .'.'.:.*.....'..:.:.•..'. ;:.:...:  14"    '  ''''     " 

ifec©:.;:.:;;...;. ..::...........;:.;...  laj    ^' ^ 

i9ii.:. ::::.,:;.:....;..;........:;....  15J    " 

1912...:. v..\. ::........ ;...^:....ir      "  -" 

'    .  •    ■  t  •  ;  .•.••...■        .  .      •    •  .      .  .      .  • '  ,      .  ,      ■  .   ■  ■ 

Soihe  of  theise  vitribus  nieand^s  are  indicatt^d  on  Plate  LVl.  Th^ 
river  in  1912  between  the  points  mentioned  was  3^  miles  loiiger  than 
in  1909,  aind  this  accounts  for  practically  all  the '  increased  idifferenqe 
of  elevation  in  thewatei^  at  the  two  points.  The  same  phenomenon 
is  true  on  the  lower  river,  and,  assuming  a  given  devatiori  at  the 
Mexican  bbundary,  the  inci^iease  in  len^h  of  the  Stream  due  to  Irteanders 
will  give  an  increased  height  oh  the  Yuma  gauge;  whether  the  river  is 
advancing  into  the  Gulf  or  not.'      '  •    •        • 

The  author's  description  of  the  works  of  the  Yuma  Proje^ct  and 
remarks  relative  th^r^to,  indiciate  uhfamiliafity  with  the  subject.  •  A 
very  excellent  acciount  of  the  work  at  Lagunia  Dam  may  be  obtained 
frotn  articles*  by  the  Resident  Engineer,  Edwin  D.  Vincent,  M.  Am. 
Soci .  C:  E.  The  Oolorado  Siphon  has  been  described  by  the 
writer.+  "Thdge  bover  the  main  features  of  the  work.  Lievees  and 
canals  dre  so  coiUmon,  and  those  at  Yuma  present  no  uiiusual  con- 
ditions, that  description  appears  to  be  superfluouis. 

The  author's  statement,  that  a  rock  "fill  such  as  was  used  for  closing 

I  •  .  I  I 

the  crevasses  which  he  discusses  dould  have  been  used  in  "place  of 
Laguna  Daim,  is  open  to  serious  doubt.  "VVTiat  he  built  has  been  u^fed 
as  a  levee,  which  purpose  it  answers  admirably.  How  it  would  at5t 
as  ah  overflow  weir,  carrying  160  000  s66-ft.,  even  if  covered  with  con- 
crete, .is  probl6miatical.  •  In  addition  to  a  concretetop,  crest  and  foot- 
walls  appear  to  bp  necessary  to  prevent"  the  top  fromi  being  under- 
mined, and,  if  the^e  are  provided,  the  Resulting  structure  will  not  ditter 
materially  frpm  taguna  Bain  either  in  design  or  cost. 


■  I.." L 


*  Engineering  News,  February  27th.  1906,  and  June  10th,  1909. 
tJBTrtflrtnecHng  ^cw«,  Augfust  29*h,  iWa.  ■  /   '   . 
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g^^  THe  stateinent  that  the  flood  6f  December  tth,  1906,  caused  levee 
failuted  on  the  Yuitaa  Prbject  due  to  the  absence  of  muck-ditcHes,  is 
not-correct.  In  October,  190^,  the 'writer  took  charge  of  the  'i'unia 
Project,  anii  his  first '  act  was  to  order  miick-ditches  under  all  new. 
levels.  The  slight  damage"  done  here  by  "the  Sood  of  December  7th,  was 
caused  by  burrowing  dnitnals  and  the  overtopping  of  work  which  was 
incomplete.  .       ' 

Regarding  thfe  advantages  and  disadvantages  of  liand-side  and  river- 
side borrow-pits,  the  writer  has  fully  expressed  himself,*  so  that  it 
is  not  necessary  to  comment  further.  Particularly  is  thi^  po  w)^en  the 
author  states  that  he  ^^realized  that  this  was  not  in  acjeordance  with 

«  .  (at  « 

the  usual  practice."  Based  on  a  personal  examination- xn^de  a  few 
hours  after  the  rbreak  of  December  6th,  1906,  the  writer  .lizards  the 
opinion  that  the  damage  caused  by  a  head  of  15  in.  against  the  levee 
was  due  primarily  to  the  presence  of  land-side  borrownjpitft,  although 
small  quantities  of  water  came  under  the  levee  itself  in  many  places 
dije;  to  the  absence  of  a  mnck-ditch  and  tl^e  improper  grubbing  of  the 

foundation.  ....,.,.     .  i  v. .    . 

.  itegjarding  the;  loan  of  a  grading  c^pip  by  th^iR^cU^paation  Service, 
wl^ich  outfit  the  author  declare^  did  work  at  expeJ^^iv^•cost,..the  foUpw- 
ing  is .  submitted : .  .     .  

Immediately  following  the  byeak,  in  December,  .1906^,  the.  writer 
discussed  with  M;r.  Cory  the  feasibility  of  t^^sembling  a  sufficient  force 
to  construct  levees  required  before  the  coming:  of  t.he.  annual  fre^et. 
At  that  time  it  was  not  known  how  much  levee  work  would  be  done, 
as  the, .surveys  were  incomidete.  Consequently,  no  pontracts  were  let* 
and  the  size  of  the  outfit  which  .could  be ;  immediately  ayailable  was 
npt  known.  .  Because  of  various,  interests  at  stake,  the  writer  sug-. 
gested  that,  to  assist. in  overcoirdng.  the  difficulty,  .one  camp  of  Gov- 
ernment stock  then,  operating  on  the  Arizona  levees  be  transferred  f o^ 
the  usi^  of  the  California  Development  Company.  Mr.  Cory  w;elcomed 
this  suggestion;  authority  was  secured  from  the  pepartroent;  and  the 
camp  was  immediately,  transferred.  It.  was  supposed  when  the  transfer 
was  made  that  the  camp  was  to  work  for  the  C^lifqn^ia  Development 
Con;ipaay  and  i^ot  for  a  cpntractor. .  However,  shortly  afte.r  the  move 
was  made,  the  superintendent  of  the  camp  informed  the  writer  that 
he  was  working,  undejc  th^e  direction  of  a  qop.tractor,.  and  it  was  next 
to.  impossible. for  him  to. obtain  the  proper  swpUe&  to  keep,  his  camp 
up  to  efficiency.  A  visit. to,  the  camp, stowed  i^^  facts  to  be  substan- 
tially as  .§ta{ted,  and  a.perspnal  appeal  was.  ijiade  to.  Mr.  Opry  to.  remedy 
the  matter.  This  w^  remedieid,  in  a,  measure,  but  conditions  con- 
tinued to  be  such  that,  as  soon  as  it  was  evident  that  the  cainp  was 


•Engineering  News,  February  IGft^  f«id.A»j?U  l^ik^,  1W2. 
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Bot  fiap^x&ry  to  secure  t^e  con:^leti<iD  of  the  levees  in  advance  of  the    i^ 
annual  flood,  the  men  and  equipment  were  brought  back  to  the  ITnited 
States. 

The  camp  that  waa  loaned  the  O.  D;  Go.  had  been  at  work  for 
considerable  time  prior,  for  the  Reclamation  Service,  npi  continued 
to  be  thus  employed  for  several  years  thereafter.  It  was  one  of  the 
most  efficient  camps  which  the  Service  has  had  on  levee  conatruction. 
There,  have  been  cpmpleted  on  the.  Yuma  Project  about  50  miles  of 
levee,  ag^egating  more  than  2  600  000  cu.  yd.  of  excavation,  the  ac^ 
complishment  of  which  compares  most  favorably  in  every  way  with 
any  levee  work  whii^  has  come  under  the  writer's  notice.  CnticdtiB  of 
Oovemment  work  -seemB  to  be  a  general  pastime  of  people  who  are  not 
responsible  for  it,  and  certainly  if  a  contractor  desired  to  plaee  fl 
Oov<eniment  camp  in  an  uofavorable  light,  Mr,  Oory  granted  him  a 
nlost  exeelltmt  oppdrtuntty  to  do  so. 

'UnderUie-liead  of  "Oriticism  of.LeTeB  W«vk  ]?4ne^'  tlie^authoc 
shows  that  after  a  Oonsultii^  Board  from  Ehe  Beolamatijon  BarvMS 
hkd  advised'on  Ihe  methods  of  levee  construction,  their  Feo(knm«)dar 
tions  wers  ignored  and'  a  second.  Board  was  neceesai?  before-  the  recom- 
mendation as  to  the  location  e£  borrow-pitB  was  complied  with.  The 
EtutboF' states  that' the  us^  of  the  (thecker-board  system  of:  bojcow-pite 
tooreased  the  cost  of  the  work  about  6}  cents  per  cu.  yd.  Experience 
on  the  Yuma  Project- has  ehownithat  an  increaee  of  2  cents  per  cu-  yd. 
is  ample  to  cover  this  kind  of  bdrmw^pit^  :and  the  writer  believOi 
that  the  protection  thus  afforded' :fully  justifies  thtl  additional  espense, 

IntebnaIional  NeiK>T1AII0H8; 

International  agreements  are  necessary  to  a  .comprehensive  plan  for 
the  control  of  the  Lower  Colorado.  Such  agreements  must  be  preceded 
by  diplomatic  action,' and  whfle  such  negotiations  may  be  in  progress, 
discussion  of  this  phase  of  the'matter  appears  to  be  tnopportuhe. 

The  Asejxs  Divebsiok.  ;-:.:■ 

The  author  is  correct  in  the  statement  that  this  diversion  has  had 
little  eject  on  river  levels  at  the  entrance  of  the  Imperial  Canal.  The 
observations  show  that  it  has  had  no  effect  whatever.  The  writer  ha? 
little  first-hand  ki  it  the  Abejas,  carried  out  under 

the  direction  of  .  ast-President,  Am.  Soc.  0.  E., 

BO  does  not  feel  q  He  wishes  to  state,  however, 

that  the  delay,  in  due  to  causes  over  which  Mr. 

Qcjterson  had,  no  i  the  operations  to  the  menace 

of  the  flashy  win  to  dp  with  the  progress.     Jt  is 

believed  that  the  <  i  the  river  to  the  rapge  of  tida] 

influence  is  the  cc  s  done  and  tie  levees  are  ipade 
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Mr.    secure  against  the  attack  of  the  current,  the  Lower  Colorado  canno* 
®^*  he  regarded  as  under  control. 

The  Eeal^  Pboblem. 

The  author  concludies: 

'^Because  of  the  various .  successful  and  unsuccessful  work  done  in 
the  regjoii,  the  engineering  features  of  irrigation  arid  river  control 
along  the  Lower  Colorado  are  now  understood,  arid  engineering  con- 
struction methods  are  thoroughly  develop^. 

"Th6  Colorado  River  Delta  now'  presents  no  unusual,  unsolved  en- 
gineering difficulties;  its  problems  are  .chi^%^  matter?  of  statecraft,  in 
both  river:  control  and . irrigation/' 

After  more  than  6  years  of  service,  during  which  time  about  45 
miles  of  the  lower  river  has  been  in  his  (iharge^  the  writer  wishes  to 
state  that,  in  his  jxKlgment,  the  real  problem  of  .this  river,  la  not 
gmerally  understood.  This  problem,  for  the  solution  of  which. the 
author  ofSets  no  aid,  is  bank  protection.  Construction  methods  for  its 
aoeompliihment  ai^not  developed,  arid  it  cannot  be  attaint,  by  state- 
craft", however  high  the  talent  engaged.  Belief  irom  this  menace 
will  come  only  from  hard  work  and  a  liberal  expenditure  of  money  on 
the  immediate  banks.  When  levees  are  undermined  while,  the  stream 
is  below  bank-full  stage,  it  is  clear  that  many  years  must.elai)se  be^ 
fore  a  river  of  this  magnitiidO' will  be  controlled  by  reservoirs  in  sudi 
a  way  that  caving  banks  will  be  eliminated.  A  plan  by  which  these 
banks  may  be  made  stable  will  now  be  outlined,  but,  before  proceeding 
with  it,  a  short  sketch  of  the  flood  of  1912  may  be  of  interest. 

LoWer  Colorado  Flood  of  1912. 

.  The  annual  freshet  of  1912  first  made  its  appearance  on  the  Yuma 
gauge  on,  Harch  12th,  the  reading  then  being  117.8  ft.  and  the  dis- 
charge 12  800  sec-ft.  It  continued  to  rise  until  June  22d,  when  the 
gauge  was  129.1  and  the  discharge  was  nearly  150000  sec-ft.  During 
this  rise  the  erosive  action  of  the  current  was  causing  radical  charigcs 
in  the  bed  and  banks  of  the  stream,  as  may  be  seen  by  Fig.  72,  showing 
conditions  at  the  gauging  station.  It  is  there;  seen  that  at  low  water 
the  width  o:^  the  river  was  420  ft.,  its  average  depth  about  3 J  ft, 
maximum  depth  8  ft.,  and  the  area  of  the.  flowing  prism  1420  sQ.  ft. 
At  the  crest  these  dimeiisions  had  becoirie,  width  600  ft.,  average  depth 
36  ft.,  maximum  derith  53  ft.,  area  20  740  sq.  ft.^  the  discharge  havinig 
ifacreased  43  times  and  the  area  about  15  times.  This  increase  in  area, 
of  19  320  sq.  ft.','  is  made  up  of  7  440  s.q.  ft:  caused  by  the  rise  oh  the 
gauge  and  11  S80  sq.  ft.  (60%)  whi<ih  waa  the  increase  in  secf^iori  due 
to  scoiir.  These  modifications  in  cross-section  were  probably  maxiriium 
at  the  gauging  station,  wheris  the  width  of  the  stream  is  restrictecl ;  but 
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similar .  changeB,  although  less  in  magnitude,  are  chacacteristic  o£  the    Mr. 
lower  river.  ™u*. 

Diirine  the  rise,  extensive  meatiderings  were  in  progress  at  varipua 
points,  the  first  attack  which  required  defence  being  between  10^  and, 
12  miles  below  Tunia,  on  the  Arizona  aide,  where  the  levee  had  been 
cut  out  by  the  river  in  1909.  During  1909  and  1910  efforts  were 
made  to.  hold  this  portion  of  the  bank,  with  fascines  and  other  light 
brush. protections,  but  puch  work  was  soon  carried  out,  amj  resort  was 
then  had  to  permeable  dikea  of  piles  and  bruah.  About  seventeen 
permeable  dikea  have  been  built,  beginning  in  May,  1911.  Some  of 
these  dikes  are  shown  on  Fige.  73  a^d  74.,  At  this  point  the  Steame;; 
Searchlight,  with  a  pile-driver  barge,  worked  throu^out.  the  flood 
of  1912,  building  dikes  and  defending  the  b^ik  between  them  witJj; 


I'" 
I* 


fascines:  A'temporory  levge  also  was  thrown  up  when  the  river  threat- 
ened overflow?  The  effotts  here  were  succ'essfuli  the  dikes  holding  well 
and  preventing  further  recession  of  tlie  bank  line,  and  lie  tempo- 
rary levee  removed  all  danger  from  overflow: 

■  The  first  attack  on  the  Ecs^rvation  levee  wai 
Plate  LVI,  At  the  beginning  of  the  rise,  the  b; 
some  800  ft.  froiii  the  levee,  but  on  June  15th  ba 
on  June  17tb,  when  the  river  was  within  150  ft., 
were  conUnenced.  As  all  our  floating  plant  was  i 
the  fight  here  had  to  be  made  from  the  shore.  V 
overbank  the  bottoms  were  flooded  to  within  150  fl 
defensive  operations  impractical  until  the  cavin, 
Faacine  m&ta  weighted  with  Sand  sacks  were  hi 
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tiie  bank,  but,  as  the  Water  was  more  than  30  ft  deep,  such  defenses 
*  would  not  reach  the  bottom,  and,  although  our  work  delayed  the  ad- 
vance of  the  stream,  it  was  slowly  undermined,  denl^ilstTating  that  a 
strong  revetment  would  be  necessary  to  bold  the  river  iii  check.  Con- 
ditions along  the  front  at  this  point  are  shown  on  Fig.  75.  Fortu- 
nately, the  Reservation  levee  fnmishes  the  location  for  the  Potholes 
Branch  of  the  Southern  Pacific  Hailroad,  therefore,  rock,  which  was 
the  only  material  that  would  save  the  day,  could  be  delivered  at  the 
site  of  the  works  and  dumped  directly  into  place.  Rocks  weighing  from  1 
1o  6  tons  were  ordered  from  the  Declez  granite  quarries' some  200  miles 
west  of  Tuma  on  the  mainline  of  the  Southern  Pacific.  The  railroad  ex- 
pedited the  shipment,  and  within  36  houre  after  the  order  was  placed  the 
fliBt  train  load,  consisting  of  Sleen  cars,  was  being  thrown  into  the 
river.  At  this  time  the  river. had, cut  to  the  toe  of  the  leveo  slope, 
the  water  thete  being  32  ft.  in  depth,  therefore  the  rocks  as  rolled  from 
the  cars  could  be  directed  to  the  point  where  they  would  accomplish 
the  most  good.  Considerable  brush  and  thousands  of  sand  sacks  were 
mixed  with  the  rock,  also  a  limited  quantity  of  spoil  which  was  avail- 
able from  the  quarries  at  Laguna  Dam.  As  the  flood  came  up  to  crest, 
the  attack  extended  for  a  length  of  about  900  ft.  Several  bad  sand 
boib  appeared  at  the  inner  toe.  Fig.  76  shows  one  of  these  boils 
"hooped"  with  send  sacks.  This  menance  became  so  serious  in  som« 
instances  that  at  one  time  the  destruction  of  the  levee  appeared  to  be 
only  a  matter  of  a  few  hours,  and  arrangements  were  made  to  con- 
fine the  overflow  in  case  the  levee  went  out.  About  500  ft.  to  tie  rear 
of,  and  parallel  to,  the  levee  is  one  of  the  canals  of  the  Beeervation  dis- 
tribution system.  The  iiuter  bank  of  this  channel  was  hastily  con-  . 
nected  with  the  levee  above  and  below  the  threatened  portion  by  sand- 
bag dams  (Figs.  77  and  78),  the  canal  bank  between  these  dams 
being,  raised  to.  about  1  ft.  above  the  river  level.  Sand  bags  were  neces- 
sai7  as  the  ground,  because  of  the  seepage,  was  under  several  inches  of 
water,  and  stock  could  not  be.  ^rorked  upon  it.  Theee.  dams  and  the 
canal'  bank  would  have  confined  the  overflow  to  tbjs  area .  had .  the 
levee  gone  out.  It  was  also  intended  to  flood  this  enclosed  area. to  a 
depth  of  2  ft.  or  more  to.  <;heck  the.  sand  boilS),  water  fpr  this,  pur- 
QnK~^~'^^^^^DJ  from  the  canals,  but,  the.  boils  were  checked  by 
*^  '  '  "  ^^^^'^  along  the  front  befpi-e  such  action  .was  necessary.; 
i  character  of  the  rock  used  for  protection, 

^  of  the.  St«amer  Searchlight  engaged  .in  dragging 
ars  with  her  steam  capstan,  the. .boa.t. haying 

Insferred  for  this  puijwse  from  the  ijyork  below. . 

1  at.  about  1  a.  m..  on.  June  .23<1,.  and  then  fell 
rapidly.  By,  June  2Sth  there  ;WaB  no  further  danger  of  overflow,  but 
dumping  the  spoi!^  in  order  to  blanket  the. outer. sl<^>e  and  reinforce, 
the  levee,  continued  until  August  18th. 


Fia.  73. — PEEimABLB  Dikib. 


Pia.  74. — Pbbheablb  Dikes. 
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r  While  this  attack  was  it.  progress^  another  wfws  imtiated  by  the    Mr. 
river  at  the  point,  Ai  on  Plate  LVI.    Here  the  caving  banks  came,  to      *^ 
the  le^ee.  toe  with  a  Ti^ater  depth  of  30  ft.,  and  the  defense  was  prac- 
tionlly.  It  repetition  of  the  one  jinst  described. 

.'  < On.  June  25th,  the  river  having  fallen  below  the  pverflow  lii^e, 
shipments  of  Beclez  rock  were  stopped;  a  steam  shovel  was  placed. in 
conunission  at  Laguna  Dam,  and  a  work  .train  and  crew  were  obtained 
fifom  the  Southern  Pacific  Compare,  which,  with  assistance  from  our 
dinky  engines,  continued  to  duinp  rock  and  spoil  at  the  points,^  an^ 
0^  until  Aug^st  18th,  when  18  000  cu,  yd.,  including.  1  30Q  cu.  yd.. of 
■Declesi'Xock^  bad  been  placed*  0^  this  date  the  threatened  levees  were 
safe. .from  further  attack,  and  the  work, was  stopped.  At  the  present 
tim^  the. river  lies  against  the  rock  slope  of  the  levee  At  A  for  1  500  ft. 
and.at;:C  forlOQO.  ft,  Should  these  cpnditiops  remain  until  the  next 
flood, ;. f urthe^r  ,ropk..TevQtn;ient  will  probably  be  necessary  immediately 
above  and  .below  eaeh  of  these;  points,  therefore  steam  shovels,,  cars, 
and  engines  are  being  placed  in  condition  to  do  this  work  if  required. 

While  the  attack  on  the  Heservation  levees  was  going  on,  rapid 
bank  caving  was  also  in:pirpgres8  on  the  Arizona  side  below  Yuma. 
The  work  at  the  12-mile  post  has  already  been  briefly  described.  At 
the  16-mile  post  the  river  was  600  ft;  from  the  levee  on  May  25th. 
On  June  1st  it  had  moved  out  to  1300  ft.  On  June  10th  it  had  re- 
turned to  within  600  ft.,  on  June  20th  about  800  ft.,  and  on  June  26th 
it  cut  through  the  levee.  When  the  caving  had  approached  within 
300  ft.  of  the  levee,  provisions  were  made  to  tJroitect  the  work.  There 
was  no  floating  pliant  available  for  this  protection,  and,  had  there  been, 
no  effective  use  of  it  would  have  been  possible,  As  the  depth  of  water 
and  velocity  of  the  current' made  the  construction  df  spur  dikes  im- 
practicable. As  there  wag  no  railroad  on  the  levee,  rock  could  not  be 
obtaiped,  as  the  roads  to  the  nearest  quarry,  J2  miles  away,  were  im- 
passable f pr  heavy  loads.  The  oply  defense  thi^t  could  be.  offered  wa^  to 
protect,. the  bfink  by  fascine  mats,  there  being  plenty  of  suitable  willow 
brushy 2;i^ar, at  hand.  .  .The  force  employed,  consisting  plainly  of  Cocopah 
.Indians,r  .^^  .rather  indifferent  labor,  but  by  diligent  efforts  the  rate 
of  caving  .was  delayed  so  much  that,  when  it  reached  the  levee  on 
June  26th,  the  river  had  fallen  below  the  natural  bank  level  and  no 
overfld'w   occurred.'     ■'  : 

Shortly  after  the  cutting  out  of  the  levee  the  river  swung  awaiy  for 
several  hundred  feet,  and  later  came  back  for  a  portion  of  this  dis- 
tance, the  present  position  of  the  river  being  shown  by  the  meander 
line  on  .Plate  LVI. 

About  July  1st,  the  river  being  well  within  its  banks,  the  patrol 
which  had  been  maintained  diiring  the  flood  was  removed.  On  this 
date  no  Serious  cutting  appeared  at  any  point  between  Yuma  and  the 
International  Boundary  Line,  on  the  American  side  of  the  stream.    . 
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•Mr.  '  On  August  10th'  it  was  found  iiifit  the  tirer  had  cut  through  the 
'^^^'  levee-  at  thfe  24-ttiile  point,  but  the  bank  here  bi&ing  above  the  xiver 
leviel,  no  ov^rflo-vr  had  o5ccun*ed.  On  June' 20th,  or  a  few  days  prior 
to  the  crest  of  the  flood,:  the  bank  at  this  pindnt  was  1300  ft.  away 
from  the  river,  and  there  appeared  to  have  been  no  material,  change  on 
July  1st,  when  the  patrol  was  taken  off;  thus  it  appears  that  the  caving 
here  inust  have  bfeen  extremely  rapid.  '     • 

•  All  work  of  bank  protection  was  continuous,  day  and  night;  while 
the  danget  of  overflow  existed.  During  this  period  the  temi)eratupe  in 
the  day  avieraged  106°  and-  at  night  about  73^  degrees.  Because  of  the 
extreme  heat,  the  work  was  very  hard  on  the  men,  and  at  times  out 
efforts  were  greatly  hampered  by  lack  of  label?.  All'th^  Indians  in 
the  vicinity  were  p»ressed  into  service.  Wages  were  tempoi'arily  in- 
creased to  attract  idle  men  in  the  Town  of  Yuma,  and' on  the  Reserva- 
tion the  settlers  whose  lands  were  thteateti^  ttimed  out  practically 
to  a  niiati  and  fought  Valiantly  in  the  defense  of  their  homes. ' 

.      .  Future  Bank  PkbiiECTioNw        :    . 

The  work  of  baiik  protection  should  b6  directed:    ' 

(1)  Toward  holding  existing  l^v^e^  and  regaining  lost  ground,  in 

.     order  that;  work  which  has  been-  (J^troyed  may  be  rebuilt 

near  iits  original  ppsition,  thus  .maintaining  as  pearly  as  pos- 

.  s^ble  the  irrigable  area;  .       ,    . 

;  (2)  To.  cause,  the  river  to. occupy  a  .position  ab<;ttit .  midway  be- 

,,.  tweei^' the  levees  in  order  to  prevent,  if  possible,  th^. erosion  of 

.  ,  opo:  8ea8p^  from  .reaching.the  embankments ;  or  tl^e . jriy.er  slppes 

.  ,     ,     of  tbo  fey^  should  be.  m^^e  impre^ahle  to ;  rivqr  jB^ttacls:. 

« 

It  is  also'  desirablcj^  in  oirde'r  to  present  m^anxlering-^which,  as 
shown  previously;,  may  result  iil !  a:' rise  in  plarieT— to 'cori6ne'thti  Stream 
to  the  shortest  rdute  cdrisistent  with  a  fall  of  Jabptit  1  ft;\per  thile. 

llegarding  the  recovery  of  lost  ground,  the  writeir .  iaf  aware  that 

the  building;  of  l6ve6s  on  their  old  locations  h^s  hot  been  generally 

practiced.     The  following,  reliating  to  the  Mississippi,  is*ffom  0 cca- 

sionaV Pjapers'N'o,  %!,  En^neer' School,  1J.  S.  A.,  page  2t8:  '"  "  ' 
•.•:.'•'  ;  :  ,  ■•  •  •  •  ■  '  ;  ■'••■'  ■  .'  •...•:  •■  •  ..'•••■■.  ■.  •  . 
"Location, — The  two  objects  of  levees,  protection  of  land  au^.-cpia- 
centratipn  of  flood  discharge,  wiUb^mpsi  effiQiently  obtained  by  build- 
ing the  levees  as  clpse  as  possible  to  the  river  bank,  and,  as  owing 
td  the  generar  slope  of  the  bottom  1  And,  the  tanks  are  usually  higher 
than  the  land  farthei-  b^'ck,  their  lo^tiOn 'felose  to  the  river  satisflfes 
generally  the  two  conditions  of  maximum  usefulness  -and  minimum 
bo6t,and:if  the  i^iver  were  straight  and  its  banks  stable  no 'better  loca- 
tiojfi  could  be  sought;  but.  the  river  is  pot  'straight  and,  the  banks  cave 
Rapidly,  ,and  a  location  clo,9e  to  the  fiver  therefore,  has  some  disad- 
vantageg.  On  some  .of  the  loiig  points  of  the  river  a.  levee  fpllowing 
the  bank  win  have,  compared  with  a  line  across  the  point,  a  leiigth 


Fia,  TS, — Sahd  "Boii.8"  Hooped  with  Sand  Sacks. 


Pia.  77. — Sand-Baq  Dam. 


Fia.  78. — Sand-Bao  Dam. 
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not  jrifetified  by  the  small  Additional  amount  of  land  protected;  In  a  Mr. 
Htpidly  cavingr.bend  a  levee  close  to  the  river  bank  mti6t  in.  a  short  SeUew. 
tiifte  be  destroyed.  Complications  are  also  frequently  introdiiced  bjr 
the  existence  of  the  old  riVer  lakes  caused  by  cut-offs.  The  short  and 
^iir^ct  Jine  wo.uld  pass  between  the  lake  and  the  river,  but.  BUdh  a 
location  requires  usually  a  high  and  large  levee  and  involves  danger 
from  the  nature  of  the  soil  recently  deposited  in  the  old  river  bed 
and  the  probable  existence  of  permeable  sub-strata  liable  to  be  was^ied 
dut'bi^  hydraulic  pressure  during  floods.  On  the  other  hand,  the 
line  around  the  lake,  though  safe,  is  apt  to  be  of  extreme  length. 

"The  question  of  levee  location  is,  therefore,  not  a  Simple  matter  skid 
should  receive  careful  consideration^  but  such  consideration' has,. nn^ 
fortunately,  not  h^ea  always  given  to  it.  Most  of  the  existing  leveea 
hay^  grown  up  gradually  by  the  incorporation  in  the  main  system  and 
successive  enlargement  of  old  levees  built  by  private  parties  for  their 
own  protection,  and  the  location  of  these  old  levees,  having  been  made 
without  any  reference  to  a*  g^eral  system, 'is;  of  course,  in  many 
eases^  faulty.  Even  wher^  the  levee  has  been  biiilt  entii^ly  eneiv  the 
location  has. been  most  usually  faed  by  the  local  boards,-  who  arei,  of 
courseir  .si:rf)ject  to  local  infl^enpes;  and  many  levees  havethua  b^e^ 
located  too  close  to  a.  caving  bank,  in,  order  to  include  special  farms. 

'fBut  «ven  when  a  new  levee  is  to  be  located  with  reference  only  to 
its  general  use,  the  question  ii§  not  an  easy  one.  If  the  banks  of  the 
inver  cave  with  any  regularity,  the  cost  of  a  new  leveiB  and  its  life 
in  any  location  could  be  balanced  against  the  vahie  ^of  the  additional 
protetstion  obtained  by  this  location.  But : the  caving  does  notigo^on 
with  any  sort  of  regularity;  some  places  that  may.  not  have  caved  iov 
years  will  suddenly  begin  to  cave  rapidly,  and  at, other  places  where 
caving  has  long  been  going  on  the  caving  will  sometimes  somewhat 
suddenly  cease.  In  placing'  levees  near  caving  bankd,  therefore,  a 
Careful  study  must  be  made  of  the  locality  and  of  the  river  for  some 
miles  above,  and,  in  general,  it  is  conisidered  a  good  location  f or  th6 
levee  if  this  study  indicates  a  probable  life  of  about  twenty  yeara". 

Although  20  years  was  formerly  considered,  economic,  practice  on 
the  Mississippi,  recent  developments  have  modifieid  it,  as  shown  ty  the 
following:* 

"It  is  the  judgment  of  the  Commission  that  these,  revetment  works 
and  somp  others  .which  will  be  imperative  within  a  short  time  are  re- 
quired for  the  preservation  of  thie  levee  system.  Without,  th6m  a 
permaneiitly  compMekl  system  will  be  impossible.  •  The  increasing 
height  arid  co^t  of  the  levees  and  the  rapid  development  of  the  country 
protected  by  them  greatly  augment  the  disaster  of  crevasses.  A  break 
in  an  embankment  6  or  6  feet  high  resulting  in  the  thin  overflow  of. a 
sparsely  populated  country  is  a  small  calamity  compared  with  a  br^ak 
in  a  levee  20  feet  high,  discharging  over  a  thickly  populated  country 
threaded  with  railroads  and  filled  with  towns  and  factories.  Owing  to 
the  increased  height  now  necessary  to  control  the  floods  the  expense 
of  rejplacing  an  undermined  levee  by  a  new  lin^  going  far  BTdvtnA 
a  lake  or  impassable  swamp  is  enormous.     The  p6int  of  development 

*  Report  of  Mississippi  River  Commission,  Appendix  PPP—<7hief  of  Engineers,  1908,  p.  9665. 
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Mr-    ha^  pom^  at  which. the  QnlyecQ^opaipal  way  to  inaintaiji;  tb^  levies  is 
?^^^' to  hpld  the , baiiks  against  caving^^not  everywhere,  hut, in  all  plao^ 
where  th^vSpecW  conditions  exist  wHch  ha,ve  just  heeij  deflcribed.. 
This  is  a  distinct  stage  of  the  work  only  recently  reached." . 

'  Th6  atea  protected  by  the  Colorado  levees  will  be  occHitHedby  farms 
pf  rather  snaall  drea,  and  consequently  a  comparatively  large  popula- 
tioti  will  be  dependent  on  them.  Iiitensive  farming  will  be  praglficed, 
and  the  preparatign  of  the  land  will  be  expensive,  therefore  it  appe^ 
that  overflow  should  be.  prevented  by.  all  possible,  safegnardis.  The 
integrity  of  the  levee  -system  will. depend  principally  on.  bank  protec- 
tion.. There  are-two  gelneral  methods  by  which  this  may  be  accomi- 
pii&h^d:r  (1)  to  give  the  bank  a  revetment  which  will  protect  it  against 
erosion;  (2)  to  keep  the  main  current,  away,  from  the  hianks,  so  that 
erosion  cannot  occur. 

Eevetmehi;.may  be  continuous  throughout  the  river,  or  salient  points 
^hicb  ftre  fitr^pgly,  attaoked;  may  be  treated  fiiJat,  the  work  being  ex- 
tended as  occasion!  demands.  The  most  extensive  revetmaiit  in  the 
United  '^tatej^,  if  not  iii  the  -^orld'  is  to  be  "fouiid  along  the  MissisBiiipi 
River'aiid  its  tributaries,  where  the  General  and  State  Go verhinents 
Qnd  local  levee  bpards  have  engaged  in  protective  wo rk3  for  many 
years,.  The  standard  revetment  qonsists  of  a',woven,,br.usb  mat  or 
ffiiacine  mattress  protecting  the  bed  of  the;  stream  for.  a  short  distance 
from -the:  shore  and  the  side  of  the  chaimel;  below  low.  water.  •  Above 
lo\^,w^'ter,  wherei  brush  deteriorates  rapidly/ the  bank  is  gradeki  to  a 
uniform  slope  aihd  paved  with  rock. .  Such  work  is  very  expeiusive: 

The  ma^itudiB.  of  ba»k  protection  and.  river  control  on  a  large, 
stream  is  seen  in  a  "Beport:  by  a  Special:  Boarid  of  Engineers  <w;i  a 
Stirvey  of  the  Mississippi  from  St;  Louis  to  its:  Mouth/'* :  with  ia 
view'  to  obtaining  a'  channel  14  ft*  de^-  and'  of  surtfeble  width.  •  On 
page  62  it  is  stated  that  .up  to  the  date  of  the  report,  1909,  there 
had  been  expended  by  the  General  Govemnient  on  the  Mississippi 
from  the  mouth  of  the  Missouri  to  the  head  of  the  Passes  more  than 
$38  000  000.  In  addition,,  there  had  been  some  millions  spent  by  the 
riparian  States  and  local  levee  boards.  /    ' 

Reference  is  .again  made  to  Occasional  papers  No,_  J^l,  Engineer 
School,  U.  S.  ;A.,  being  "A  Resume  of.  Operations  4?^  ^^  ^Eirat  and 
Second .  Districts  of  the  Mississippi  Improvement*:  1882-'1901»"  This 
material,  which  covers  the  work:  done  by  the  NatiofMftl  Government 
under  the  direction  of  the  Army  Engineers,  has  bieen  icompiled  in  de- 
tail by  E:  Evdeth  Winslow,  Major,  Corps  of  Eiigineefs: 

>  • ,  • ,       '  ,     ■  . '       '  .     ..         ■    ' '  .'       *. .  ■  '■        ,         < ,    ' 

(From  page  45.) ;  "It  is  now  considered  settled  that  in:  a  plai;i  f or 
tho  permanent  improvement  of .  the  channel  by  th^  contraction  of  its 
IpWrwater  width,  the  work  of  l)ank  protection  should  precede  the. 
permeable. dikes  e^pd  other  structures  of  that  class,., and  that  the  lattef 

,   *Po<j.  60^  eiat.Gowirrejsg,  Igt  Sesfiioij.    .  ,  .  


ETiQ.  TG. — Size  of  Rock  Used  fob  Pbotbctiok. 


Fia.  80. — Letee  Pbotected  bt  Rock. 


%  ►- ' 


.■f>* 


OieCU^SION  ON  :^BRiaATipN  AND  BIVEB  CJONT^L  1497 

ms^y  be  regarded  .as.  supplementary  in  functioz^  .and  as .  niQceaeftty  .only    Xr. 
in  a  minority  pf  caseSf";.  , ..    .  :  ,     .  seiiew. 

(From  page  .47)  ■:    ^*It  was  reoognieed  from  the  beginning  of  the 
Commission's  work  that  the  construction  of  works  of  bftnk  protection 
•and  channel  contraction  in  detached  reaches  would  be  subject  to  in- 
rflueiices  inore  or  iess  usifaTorahle  from  changes  in  unprotected  bends 
above.    In  -comidenerDg  work  in  the  detached  reaches  of  Plum  Pohit 
and  Xakb  Province^' the .  Oommiti»on  was  not  oblivious  of  this  fact, 
but  was  influenced  by  othev  conaiderations  which  seemed  to  overbalance 
^thift  disad^ntage,iand  it  has  not  since  seengpood  reason  to  doubts  the 
wisdom  of  thai  decision,  r  But  the  experience  gained  in  those  reaches 
emphasized  the  fact  that  it  is  highly  important  in  any  project  for 'gen- 
eral and  permfinent  hank  protection  to  leave*  no  unprotected  reaches 
^ above  the  worij:  ^on^  fzpm.  changes  in  wliich  new  QOQditions  may  be 
J  fProdwcesd  in  improved  parts  of  the  river,  .  And  it  is  iconsiderod  by  the 
'  O.omniission  that  in  undertaking. a  con^lete  and  permanent  system  of 
bani:  protection, tte  work  ouglit  to  begin  at  the  upjper.end  of  the.  river 
at  pr  npar  Cairp  ;fn^  be  carried .  thence  do.wn-streani  with  sut>9tantial 
continuity.    *    *    * 

'Ti  is  coi^sidered  that  the  annual  cost  of  inaintenance  of  completed 
work  could  not  te  estimated  at  leas  than  ten  .per  cent  of  the  original 
cixpenditure.":  •  !    .  :    :    ■  .  i      • 

(From  pag^  233) :  "The  object  of  bank  revetment  is  to,  protect  the 
banks  of  the  river  from  destruction  by  the  currents'.  '  The  active 
.agency.in.  this  bank  djdstruction  is  erosion,  and. bank, xevetiTlont  must 
therefore  prevent,  this  ejcosion.  Perhap.9  the  easiest  and  most  obvious 
method  of  doing  this  is  by  laying  oveSr  thie  exposed  surface  of  the 
erodable  bank  a  non-erodable  Covering,  and  this  is  the  method  adopted. 
This^  n^n-ei^bdable  covering  must,  of  eouirse,  be  fairly-  durable,  must 
have'sufficieiiiLt  strength  to  withstuid  any  strain;  put  upon  it>  and  must 
be  free  from  interstices  through  which  scour  might  take  place. 
...  "Owing  to  the.  fluctuations  in  the  riv^,.  the  different  parts  of  the 
bank  are  subjected  to  different  conditions.  Below  the  low-water  line 
the  bank  is  always  wet;  above  that  line  sometimes  wet  and  sometimes 
dry,  and  this  difference  in  conditions  allows,  if  it  does  riot  require, 
that  the  portion  of  the  bank  above  and  below  low  water  be  treated 
.-diiffer'ently*  • 

"Above  low  water,  thp.  bank,  can  be  s^n  apd  the  n,on-erodable  cov- 
ering can  be  laid  with  ease,  and  it  has  been  found  that  here  a  properly 
laid  stone  pavement  forms  an  eflSipient  protection..  .  T^heiridividlual 
stones  of  this  paving  must,  of  coui^e,  be  so  large  that  they  cannot 
be -moved  hy  thcj  ctiitent,  and  it  was  found  by  experieAce  that  atones 'of 
this  size  are  not  of:  themselves'  sufficient,  :a8  throu^  the^ir  intersticbs 
acour  cbuld.take.plaic^  when. the  bfuik  was: sandy, and  the  current  strong. 
This  has  been  prevented  by  first  covering  the  bank  with  a  layer  of 
spalls  or  crusheci  rock  of.  such  thickness  and  closetiess.  as  to  prevent 
scour  through  them  and  to  hold  this  down  with  a  layer  of  larger  stone. 
Silch  protection,  when  carefully  laid,  has  been  prqvien  to  be  all  that  is 
required  for  the  upp^r  bank. 

;<fBelow  low-wster  the  conditions  are  diffev^nt.  As :  it  id  itnposBible 
to  cojnstrUQt  the  non-espodable  covering  actually  in  place,  the.  next 
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Mr.  test  thing  is  doiie,  coifetructing  it  on  the  surface  of  th*  water  above 
*^*  where  it  is  to  lie,  and  when  constructed  sinking  it:  In  this' way  the 
continuity  'of- the  covering  can  be  assured,  and  it.can.be  placed  ex- 
actly wh^re  it  is  needed.  As  has  been  stated,  this  covering,  must  not 
contain  interstices-  through  which  scour  can.. take  place,  for  in  such 
a  case,  not  only  would  the  purpose  of  the  ^jovearing  dot  be  fulfilled)  but 
by  i^ch  ^(Jour  its  own  leventual  destructiott  would' be  aseured.       ^ 

"The  covering  actually  used  has  been-  A^mattrisBS  of- biuah  and  the 
onJyl  kind. that  has  been  found  to  prevent  'dcoiir-iliL'  very'  rapid'  cur- 
rents-, is  the  fascine  naattress.     In  moderate  •currants  another  type  bf 
^mattress  might  do j  but  as  changes  in  cturrent  conditions  are  always 
likely  to  happen  the  fascine  mattress  only  should  be  used."      ■ 

'  (From  page  266)  :  **In  the  early  work  brush  was  used  ad  a  covering  for 
the  upper  bank,  but,  subject  as  it  was  her6  tcT  alternate  submergence 
;in'  the  water  and  exposure  to  the  atmosphere,- it  decayed  rapidly  and 
T^ossessed  little  strength '  afte'T  about  two  seasojas,  aiid  it  was  this '^apid 
decay  qf  thfe  brush  perinitting  it  to, be  easily  broken  up  ahd  expos- 
ing the' b^nk  to  erosion,  that  Ifed  to  its'diisuse  aricl  the  Sijtbstitution  for 
it  of  an  alj-stone  covering."  _      , 

(From  page  260).:  ^T!t  is  probably  safe  to  estimate  that  a  fasp^ne 
mat  built  of  small  brush  will  be  effective  for  at  least  twenty-five  years 
and  that  when  a.  good  proportion  of  large  brush  is  used  its  life  will  be 
considerably  extended."  ... 

•  Applying  these  principles  at  YumA,  reveteiejlt  should  begin  at 
tagiina  Dam  and  proceed  continuously  down  stream,  leaving  no  un- 
protected qaving  banks  above  completed  "^prl^., 
.  , The;  portion  of  the  revetment  lying  above  low  water.: should  be  con- 
structed by  grading  the  bank  to  about  a  3  to  1  slope  and  paving  it 
with  rock.  This  is  necessary,  as  iany  brush  work  laid  bn'  this  por- 
tiocn  of  the  bank,  being  subjiect  to  alternate  periods  of  submergence 
and  exposure  to  the.  air,  will  deteriorate  in  about  two!  seasons  and 
baof  little  use  in  holding  the  bank:    Below  the.  law-«water  mark,  the 

'sides'of,  the.  channel  and  the  bottom  fox  50  ft*  from'shmre  should  be 
protected  by  a  fascine  mattress.  Assuming  that  the  gauge  oscillation 
tlong  the  stream  is  kbout  12  ft.,  a  slbpe' of*'3  to  l.for  this  height 
would  give  an.  exposed  bank  of  albp^t  38  ft.^  and,  with  a  stone  paving 

,2  ft... thick,  would  require  76  cu,  ft,  gr,  say,  3  cu.. y<L  of  rpck  per  lih.  ft. 

■of.,  bfink.  -By .  u^ing  :  the ,  quarries  at  Laguna  Dam  and  ^Piljot  Knob, 
delivering  -the  stone  into  barges,  and  •  then  t^wiiig  the  material  iBLbo 
'places  fot  use,  a  fair  estimate'  for  the  ihatierial  in  place  on  thie*feat& 
will  be*  about  $2  per  cu:  yd.,  or  $6  per'  lin.  ft.  .of  b$nk:  In  addition, 
assunie.  that, ^rusli, mattress,^  cost  about. $4  per  liii;  ft.,  pa'aking  a 
■total  for.  reyetpxeiit  of  $10. per;  lin.  ft  .of  bank,  or.  $50  000  per  mile. 
The  distance  from  Laguna  to  the  Mexican  boundary;  is  -about  46.  miles, 
aiid  probably  at  least  two-thirds  of  this  distanccj  or  80  miles,  will  re- 

"(Juire  continuous  revetment.  'At  a  cost  of  $50  000  per  mile  oC'bank 
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or  $100  00(^/^r  mile  of  rirer,  30  tniles  of  Tevetmeht  would  cost  ftbont    Mr. 
$3000000.  Sellew. 

The  foregomg  quotatioiis  from  tfaei  Missiasippi  reports  state  that  thd 
annual  maintenanoe  cif- bank,  revetment  should  not 'be  taken  at  less 
than  10%  of 'the  original  cost,  which  means  that  expenditures  for  this 
tiirpdse  must  b^  dtrplicated  each  lOi years.  ,■..•■•. 

S.  Waters'  Fox,: M.  Am.  Soe.^  0.  E.,  ^  assistaait  eixgi:Deer  in  ehargtt 
of  some  of  the  "Missouri  Hiver  imp>rovements,  states*  thdt  4d  miles  of 
the  alluvial  portion  of  that  stream'  had  been  improved  at  a  cost  of 
$2  500000,  or  about  $66000  per  mile.  The^  division  of  this  cost  was 
stated  by  him 'as  follows:' 


.1 


Actual  construction. 67'  per  ceiit^' 

Care  of,  repairs,  and  moving  plant". 22     "      " 

Administration i ..... '.       9    "      '* 

Other  items ...:.......:....: 2    "      '*  ' 

*    .        .         i  /  100  per  cent 

It  is  thus  seen  that,  in  this  particular  case,  the  cost  of  injiint'e: 
nance  was  more.  tha;a  double  that  assumed  for  the  Colorado/  Aoipthef 
thing  to  be  considered  in  the  matter  of  bank  protection  is  the  source 
of  the  material  to  be.  used.  The  supply  of  rock  in  the  quarries  at 
Laguna  Dam  and  at  Pilot  Knob  is  abundant,  but  the  same  caimot  be 
said  regarding^the  brush,  which  for  the  best  results,  should  be  young, 
live  willow.  In  Occdsional  Papers  No.  Jfl,  Engineer  School,  U.  S.  A., 
previously  referred  to,  the  following  appears  on  page  46,  in  an  extract 
from  reports  of  the  Mississippi  River  Commission:  ,i 

"Another  fact  now  definitely  settled  is  that  in  the  construction  of 
mattresses  of  the  type  now  employed  on  a  large  scale,  the  supply  of 
material  becomes .  an*  element  of  the  problem  presenting  serious  dif- 
ficulty. The  •  area .  of  willow-producing'  bar  necessary  to  :supply .  material 
fo^,  a  mile,  of  fascine  mattress  300  feet  wide,  is  practically  five  times 
as  great  as  that  required  for  an  equal  length  of  mattress  built, in  the 
early  years  of  the  work.  The  quantity  of  small  willow  groy^th  U8.9(l  ill 
this  form  of  mattress  is  so  great  that'  ihe  estimsfcte-  of  the  y^rly 
supply  available  along  the  whole  length  of  the  river  from  Cairo  to 
Vidfisburg  is  not  more  •  .than  sufficiemt  for  the  making  of '  16  mile$ 
per.  annum  of  bank  reyqtme^it" 


n  ' 


The  writer  is  not  aware  how  the  growth  of  willow  along  the  Golo^ 
rado  compares  with  that  along '  the  Mississippi :  between  Cairo  arid 
Vic^sburg,  but  will  assume  for  the  i^resent  that  the  quantities  are 
about  equal;  The  assumption  will  also  be  made  that  the- quantity  rei- 
quired  for  the  Ccflorado'  will  not- '  be  more  than  •  one^hird  as  *  much 
as  that  oh'  the- Mississippi;  l^erefore,  if  60O -mites  o£  river  provide  for 
15  miles  of  re^tment  on  the  Mississippi^  it'wouid  provS-de  far:45Jmile? 

.■II.  — >       '  '    ■    . '  .       ' — ;       "  ' "1-7: — : ; — ;: 

*  Trdnaactiona,  Am.  Soc.  C.  E.,  Vol.  LlVV,  p.'  ^. 
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Mr.  on  tjbe. Colorado;  If  600  miles  of  river  .will  furniak  material  for  46 
^^  •  miles  of  revetment,  then  45  miles  of  river  between  Laguna  Dam  and 
the  International  Boundary  would  provide  for  about  3ii  miles  of  such 
work  annually.  :In  the  30  miles  of  stream  'to  which  it  is  suggested  the 
revetment,  be  applied  there  woxild  be  60  miles  of  revetted  bank,  and 
at  3 J  miles  per  year  it  would  require  17.  years,  to  build  this  revetnaent 
with  the  ordinary  growth.  This  makes  no  aHowanoe  foyj  tb^  .annual 
repaitiij  which  are  estimated  at  10.:per  <jent.  It  Would  also  be  -iiii' 
practicable,  even  with  the  material  available,  to  construct  this,  revet- 
ment' immediately,  not  t>nly  on  account  of  the  constructive  difficulties 
of  doing  so  much  work  in  a  short  space  of  time,  for  the  control  id.  the 
stream  by  revetting  its  banks  and  contracting  its  channel  must  neces- 
sarily be  slow  because  the  changes  which  thiese  works  bring  about  can- 
not occur  immediately.  On  this  point  the  writer  quotes,  from  Occor 
sionaZ  Papers. previously  mentioned,  page  41:  .     •        •.• 

(From  the  Mississippi  River  Commission's  report  for  1889) :  "This 
work  is  still  incomplete,  although  its  feasibility  and  value  have,  it  is 
thpu^ht,  been  fairly  demonstrated.  It.  is,  hqw^ver,  well  understood 
now  thjat  it  is  likely  to  prove  a  slower  proces3  than  was  at  first  supposed, 
for  the  work  cannot  be  hurried.    It  must  be  gradual  and  progressive.'* 
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:  Seventeen  years  is  entirely  too  long  a  period  over  which  to  stretch 
this  work>  as  the  protection  of  the  Government's  inveetmeni  and  the 
welfare  of  the  settlers  demand  that  the  control  of  the  river  be  alinost 
immediate. 

The  radical  difiEerence  between  the  high- water  and  th,e  low-water 
channels  of  the.  Colorado  furnish  another  obstacle  to  the  foregoing 
idim  of  bank  protection.  An  exaniination  of  the  diagram  (Fig.  72) 
shows,  that  while  protection  of  the  upper  bank  by  the  rip-rap:  could 
be  readily  accomplished,^  it  would  bp  impossible  to.  p],aoe  th^  famine 
i:)aattress.  in  the  proper  position.  At  low  water,  wh^n  conditions  are 
favorable  for  mattress  work,  the  channel  is  so  silted  up  that  a  mat- 
tress sunk, in  position  would  not  ev^n  approximate. th$. place  it  should 
occupy  to:  protect- the  flood  channel  frotn  eifosioti.  .  At  high  water, 
when  the  channel  is  scoured  out.  and  the  bank  to  bei.  protected  is  ex- 
posed, the  depth  of  water  apd  the  velocity  of  the  current  are  too 
great  to  accomplish  work  of  this  class  successfully. 
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From,  the  foieeoiiur  it  appears  that  mattms  revetmieivt  below  low    Hr. 
water^  oomhined  with  lodc  revetment  abeye^  ebKmld  not  be  applied  alcmg 
the  Lower  Col<»rado«  for  the  foliowiasr  reasoiiB! 

(1)  The  high  firtt  cost  and  excessive  cost'  of  maJnteiiance  (10%) ; 

(2)  The  time  required  (17  years)  for  the  nftttrral  growth  to  pro- 
duce the  willows  necessary  for  this  form  of  protebtion ;    ' 

(3)  The  impossibility  of  placing  the  mattress  in  its  proper  posi- 
tion, due  to  the  silted  condition  of  the  streiun  at  those  seasons 
when  depth  and  velocity  are  favorable  for  sux^  WPrk.;  and 

(i)  That  in  great  floods  a  concentrated  att^^ok  might  destroy  a 
portion  of  the  mattress  at  a.  time  when  its  r^air-  or.  the  pro- 
tection of  the  bank  thus  exposed  would  be  impossible. 

Bock  Revetment — ^Another  method  of  protecting  the  bank  would 
be  to  make  the  revetment  entirely  of  rock.  At  low  wat^  the  "expiosed 
slope  would  be  graded,  properly  rip-rapped,  and  at  the  foot  of  this 
slope  a  large  quantity  of  loose  ro<^  would  be  placed  (Fig.  82).  Ad  the 
high-water  channel  was  created  by  the  scotir  of  the  current,  this  loose 
rock  would  be  undermined  and  graduaUy  slide  into  position,  making 
a  revetment  along  the  bank  thus  exposed  which  would  be  practically  a 
permanent  protection^  In  approximating  the  cost  of  such  work,  let  it 
be  assimied  that  the  ave^rage*  depth  along  the'letee  during  high  water 
will  be  about  20  ft.  It  is  known  that  at  exposed  points  where  severe 
cutting  has  been  in  progress:  it  has  been  as  much  as  32  ft.;  but,  for  a 
general  average  depth  to. .which -revetment  should  e^k^nd,  20  f t.  a|:^arB 
to  be  safe.  Suppose  that  the  rock  will  stattd  at  a  slope  of '2  to  I;  then 
the  length  of  the  revetted  slope  in  contact  with  the  water  will  be  46  ft:, 
and,  if  the  xevetmeiit  is  2  ft.  thick,  the  area  cithe  section  will  be  90  ft. 
AssTuning  that;  owing  to  wasteful  mi^thods  'by  which  this-  is  applied, 
one-half  is  lost,  then  the^sectional  area  of  rock  per  linear  foot  which 
has  to  be  placed  along  the  levee,  is- 136  sq.  ft.,  or  6  6u.  yd.,  or  25  000 
Gu.  yd.  per  mile  of  bank,  equal  io  60000  eo.  yd.  p^r  miliB  of  river. 
For  30  miles  this,  would  mean  the  placing  of  about  1 500000  cu.  yd,  oi 
material.   • 

Should  such  a  course  be  adopted,  quarries  would  be  opened  on  each 
side  of  the.  river  at  Laguna  Dam,  whidi,:  by  connecting  railroads, 
would,  supply  the  levees  within  eoonomic  reach.  Another  quarry  at 
Indian  Hill,  opposite  Yuma^  would  serve  for  the  t>ortions  above  and 
below  for  proper  distances,  while  quarries  at  Pilot  Enob  would  control 
the  remainder  on  the  Oalifomia  side.  From  this  latter  point,  a  teinpo- 
rary  trestle/ which  appears  to  be  the  best  arrangement^  would  connect 
with  the  Yuma  Valley  levee,  on  the  Arizona  side  of  the  Colorado; 
Later,  if  it  Was  de<5lded  to  extend  similar  treatment  to  the'  Gila  levees, 
the  Arizona  quarry  At  Laguna  Dam  would  control  the  levee  on  the 
north  side  of  the  stream,  and  the  south  levee  could  be  reached  from 
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Mp.    Fetiiteritiary  Hill    Oozusidering  now  ^ooly  the  6niba2tkm;entd  along  the 
""**  Gol(>;ra4o»  i^ :  appears  ^  that : . the  suggested  treatment  wiU  require  a  •  rail- 
road over  their  entire  length,  whieh.  is  aboilt  €0  miles.     These  levels 
are  already-  in.  es^i^tei^Qey  and  the  post  of.  equii^ing  them  ^th  track 
($2rlb.,  rails) .  is  estimated  as  follows: 

Cost  per. mile  of  railroad  on  existing  levee.:. 

Steftli  62-lh.  =  90  tons,  at  $30. . . ..... ....  .1 . . . . . . .  $^  VoO  • 

Fasteiiingd- ;..;..;... ■ ;........       600 

•      Tie&i  2600,  at  $1.36....:..... .;.......;..    3  250 

.•■■  Track  laying. '. . .  . . .  .:. ....  i .......  .*. .... ...  .       400 

Train  setvicfe.. :.;...  ..il. :J: ..       125 

. ,  <     <  .  ■    ,  ,  .  •  ■  ■  ■  ■ 

(Say,  $7  000  per  mile) $7  075 

,  ,  There-iis  .a  T«ilro$d  on  .the  .Beservatioin  levee  between  Yuma  and 
Laguna  Dam^  and  deductilig  this  length  of  18  miles  from  the  60  miles 
required .  leaves  47  miles  to  be  built.  At  $7  000  per  mile  this  cost 
would  be  $359,000,  tQ  whiqh  may  be  added  about  $10  000  for  the  Pilot 
Knob  tre^itle,  giving  a  total  for  railroad'  construction  of,  say,  $340  000. 
The  average  length  of  haul  from  these  quarries  will '  approximate  15 
miles,  and  it  should  be  done  for. not  more  than  If;  cents  per  ton-mile. 
The  1  50O  000  eu.  yd.  will  equal  about  3  000  000  tons,  and  with  an  aver^ 
age.  haul  Ojf  15  wles,  gives  45  000  000  ton'-miles,  which  at  IJ  cents- equals 
$675  000* ,  Using  large,  steam  shovels,  quarries  with  long  and  high  faces, 
nained.with  sn^all  tunnels  in  which  heavy  charges  ate 'Used,  it  would 
appear  that  tlie  material  cduld.  be  pladedon  the  dars  at  an  outside  price 
of  30  cents  per  cu.  yd,;. to  this  should  be. added,  say,  26  cents  per  cu.  yd. 
for. spreading, and  placing  the  rock. on  the  slope,  giving  65  cents  per 
qu.  yd.,  as  the,  cost  above  .that,  of  hauling.  At  55  cents,  1  500  000  cti.  yd. 
would  cost  $8^5  000,  which,  added  to  the.  expense  of  hauling,  niakes  a 
total  charge  of  $1500000,  which:  is  increased  to  $1840000  when  the 
cost  of  building  the  tailroad  is  in<duded.  Adding  10%  for  contingencies 
and'  repairs  gives  :a  round  smn.  of  ,$2000  000  for  protecting  30  miles 
of  river,  or  about  $66  000  per  mile,  equivalent  to  $33  000  per  mile  of 
bank..-;  .■       ■  ..  .  • 

Although  these  estimates  must  be-  considered  as  approximations,  it 
appears  that  permanent  rock  revetment  cian  be  had  for  not  more  than 
pne.  in  which  mattresses .  are  used,  and  probably  for  less.  The  per- 
manence pf .  the  roek,  its  slight  maintenance  cost,  the  ample  quantity 
available,  and  the;fa,*ct;  that  it  can  be  placed  as  well  during,  attack  at 
high  watie^  a^iL  at  IpWy  makes  it  the  best  and  most  economic  protection 
for  the  banks  of  the  river,  between  , Laguna  Dam. and  the  Mexican 
boundary'*  Once  the  tracks  were  on  the  levee,  exposed  points  eould 
be. quickly  protected,  and  the  ren^ainder  of  the  work ; could,  proceed  as 
desited.. "... 
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.^^i>e/f0ciin^-(7tu'if«n^T--B«i2kpr(>tectiiQrn  by  deflecting,  the  currents    mtJ; 
a^ay  from  tfae^ahare'so.  that  eiosien  camiot  ooeur  may  be  dolie  by  ®*****^'* 


'^  simr^iked  or  by  opetiii^g  c^iditierB  iaftross  ealid-baifs  wbich  are  the  cause 

a^  of  the  iinping^rnetit     The  <3efl6c1tioh'  of  .currents  by  brush  dikes  has 

been  tried  in  mainy'  localities  and  with  varying,  degrees  of ,  success,  j 
They  aje  subject  to  ^^structipn  .by,  the,  natural  course  of  deteriorii^tion, 
by  deep.scoui^  wtich.OiPCurja  around  their,  piiter  ends^and  by  .the  uqdier- 
cutting. of  teddies. b^w  thejti  wjbioh .they ; have cceatedi   :T.hey  have  been, 
tried'  auf&cientjy  ddoiig  the  Lower"  Odorddo-  Undfer"  the  tvriter^6'  dir^c- . 
tlon  to  -demonstrate  that  at' best  they  ^tre  only  a  temporary,  expedient . 
If  built  of  cqttoriwood  pllihg,  which  grows  along  the  banks  bi  the 
st'reani,  their!  life  w;ouId,not  exceed  2i.  or  3. years  as ;  the,  ma^mum; 
probably  the  average  is. not  ipore  .tha4,  2  ye.^s.  ;  Construqted  of  fir.-, 
piling*  they.c^uld.  be  dep^oded  qn.for  6  ot. 7  years.   -If,  at  the  end  <d 
tha:t  time,  the  new  bankd'  t^hic^  .had  been  created  by  silting  between 
them  were  not  ptotecteki  by  rev'eliment,  it  is  probable  that  the  dikes  Would  ' 
need.. renewal,  in"  order  to  hold  the  work.     Oiie  other  disadvantage  of 
spur-dikes  is  that  the  proper  location  for  them  is  demionstrated  only  by 
the  varyinjg'  attack'of  the  river,  andl  when  thi^  attack  comes  oh,' the 
water  is  geni^rally  SO  deep  apd  the  currents  so  swift  that  the  dikes,. 
^^  cajinot  be  built. .  It, is.  then  necessary  to  defend  tbein  as  best  one  caii. 

*'■  until  lower  water,. and  perhaps^  on  the  falling  stage,  .the  river  cbiingea 

^  its  point  of  attack,  so  that  dikes  are  needed  in  other  places.     In  the  - 

"^^  writeir^s  judgment,  protection  by  spurs  should  be  used  only  in  an  emer- 

i<^  gencyf  Aey  have  no  plACe  in  any  permanent  form  of  bank  protection 

*  on  this  river.  - 

^-  .  vPrecffl^in^.TT^There  reinaifis ,  the  method  J9f  divertinig,  the  current  by 

'^  opening. up^.chamxel^  acirosa  aand-barp.    Wherever  the.  bankp,ha(ve. been, 

'•  attacked,  the  impingement  has  been  caused  directly  by  the  formation 

B  of  di^'oslis  on  the  oppk)site  side  of -the  stream;.   As  these  deposits  build: 

e  out  toward  the  opposite  bank,  the  flowing  prism  of  the  river  isnar- 

s  rowed;  the  Kjoneentltfttipn .  pf;  the  jwater .  inereases  the  vdloeiftr,  ther  channel 

'  is  courespo'Jidinglb^  :deepen«di  a»d, '  as  a  result,  there  ia  doep  water  and  ; 

high  vdocity  againi^  a/caying  bank;  Undet  such  conditions,  if  it  .were 
possible. to  open  up  »  channel  of  siifficient. dimensions  anross  this, bar,, 
and  if  the  c-urrent:  could  be  induced  to  follow, ; this  new.  cbp^nnel,  :the 
attack  oil  the  bank  would  be  immediately  relieved.  Jn  some, instancy, . 
whei©  the  encroaching  bai?  is  short  and  other  conditions. are  favorable^  . 
channels  have  been  opened  up  and  relief  secured  by  a  liberal  use  of 
;  dynamite..    Such  ai  method. is  impracticable  in  naost  cases  along  the 

I  river.     It  is  seldom  that  a  condition  occurs, that  can  be  relieved  by 

I  explosives,  :   .-y.    ■■]:,    '  .-....■'' 

!  The  following  is  taken  from.  .Occasional  Papers  No.  41,  page  44: 

^^The  '  experience  with   the   revetment   work   previously   don^   had 
shown  it  to  be  inadequate  for  liie  purpose^  and  rapid  changes  of  type 
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^Mr^-  were  not  made  until  there  was  developed^  the  standard  of  the 
°^®*'  present  day:  A  fascine  subaqueous  nmttiess  with  upper  bank  paving 
of  stone.  But  as  the  revetment,  work  had  grinduoUy  been  increased  in 
strength,  it  had  also  increased  in  cost,  untdl  in  the  new  standard  type 
the  cost  had  reached  about  $30  per  linear  foot  of  bank,  or  approxi- 
mately $160  000  per  mile. 

"As  the  large  cost  of  a  systiematic  improvement  of  the  whole  river 
became  evident,  the  Commission  was  led  to  investigate  means  for 
temporarily  improving  navigation  during  the  low-water  season.  The 
principal  obstructions  met  with  are  the  sai^  bars  built  up  during  high 
stages,  through  which  the  river  slowly  cuts  a  cluaindl  as  tiiie  flood 
recedes.  If  this  proc^ess  could.be  assisted  and.  hastenec),.  navigation 
would  be  improved  thereby,  and  to  this  end  experiments  were  made 
with  dredges.  These  experiments,  started  in  1894,  were  successful 
and  as  a  tesult  the  Commission  was  Icid  to  i*econsider  the  whole  isub- 
ject  of  the  river  improvement,  and  as  a  result  of  this  study  the  Com'- 
mission  decided  to  adopt  a  new  plan  for  future  operations,  namely, 
to  depend  for  the  relief  of  the  immediate,  needs  of  navigation  upon 
dredging,  and  to  restrict  the  improvement  by  bank  revetment  to 
special  localities,  where  local  interests  or  necessities  demanded  it.". 

.  (From  page  46) :  "From  all  these  facts  together  it  became  apparent 
several  years  ago — rnot  all  at  once,  but  gradually,  as  facts  accumulated 
and  the  deduction  of  experience  was  unfolded — ^that  it  was  not  pos- 
sible by  any  or  all  of  the  methods  which  had  been  employed  to  ac- 
complkh  such  permanent  improvement  of  the  river  itom  Cairo  down 
as  was  necessary  to  meet  the  urgent  demands  of  commerce  within  any 
reasonable  time  to  come.  It  was  this  disagreeable  but  unavoidable 
conclusion  from  the  work  of  preceding  ^ears,  together  with  the  recent 
and  wonderful  development  of  the  hydraulic  dredge,  that  led  the 
Commission  to  undertake  the  experiments  of  dredging  the  tars  of  thie 
river  with  the  view  to  the  temporary  improvement  of  its  low^water  chan- 
nel which  has  been  detailed  in  recent  reports  of  the  Commission  and 
to  which  more  e^rtended  reference  is  made  elsewhere  in  this,  report. 
Those  experiments  hc^YC  proceeded  favorably  so  far  as  to  hold  out  a 
reasonable  .probability  , of,  entir^jSUQce^"  >     , 

A  suction  dredi^of  large  capacity  and  light  draft  which  cotild  be 
maneuvered  in  the  Colorado  during  flood  stages' would  be  of  value  in 
opening  channels  Across  sand-bars^  During  IcfW  water  the  dredge  could 
be  used  in  creating  a  chaianel  about  midwaiy  between  the  levees  at  those 
points  where  attack  from  caving  banks  was  imminent;  The  excavated- 
material  could  be  deposited  in  the  vicinity  of  the  levee  through  pipes 
carried  on  pontoons,  thereby'  building  the  banks  and  making  their 
alignment  more  regular:       ' 

It  might  appear  at  first  thought  that  the  quantity  of  material  to 
be  moved  would  require  a  dredge  of  unheard-of  proportions,  dnd  that 
the  expense  would  be  prohibitive,  but  such  work  appears  to  be  well 
within  the  range  of  the  hydraulic  dredged  as  developed  for  work  on 
the  Mississippi  Biver^  the. largest  of  which  haye  a  capacity. of  2000 
cu.. yd.  per  hour.    About  one-tiiird  of  their  time  is: loftt  iji.  tie-ups  for" 
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repairs  during  higrh  water,  mmmiveniag  for  position  on  bars,  and  in    iti^; 
ehange  a£  position,  80  thut  througrboiijt  th^  y^iir  the  dwdge  would  ^^•^ 
operate  not  more  tban  :240:da9rB,  oi!  5.1Q0.boi4r^     Swsh.:op6ni^ioB  of 
the    dsr^^  wottld  result  m  removing:  about  HOOOOOQ  cu..ydi  o£ 
material.  -..•   , 

.  Assuming  a  low-wn^ter  di^obai^  of  450Q  aec-rft,  i^^aBing-  l/i^mit;  with 
a  velocity  .of.  3  .Jft.per;  seo.»  th^  area;  of  the  Rowing  .prisi9  w:Qui4  bjS 
1  500  sq.  ft.  If  this  was  excavated,  with  a  di^ih  of  5. ft  jbox^  a  isv^dth 
of^^BOO  ft«,  the.45  ;mile8  >of  sneh  tshanziel .bi^twi90n  Lagun^'  Dam:  and  the 
Sonora  Hue  would  contain  about  19 v400i0Q0  ,eu;  yd.  It  is  dear  tl^t.np 
such  quantity  df  excavationrwdll  eveirb^  require  along  the  Wer  riyi9ip 
in  any  one  season j  tfaersfdre  Idie  xkedga  under  <  disotission  h$i3  ample 
capacity.  The  €[u<Ssitions: to  be. examined  are:;  (1).  its  cost;  (2)  wbetbei 
it  can  be  desigin^'of  dinHOUriond  which  will  allow 'it  to  navi^l^  the 
shallow  and  tortuous  channels  of  the  Colorado;  and  (8)  whetileir  it  ean 
B^'b^rat^' during  'fl6odS  for  opening  diatmels  across  the  bars.  . . 
'  Beferriiig  to  D'6ctiment  56,  ^st'  Gongresi^,  pl^eQft,;  where  .is.  shown 
a  tnemoranduin  of  a  project ■  for  mkintainiug  by*  hydraiilic  dredging 
filotie  a  navigabl^'  chietiiiid,  14  ft.  deep  and  500  ft.  wide,  between  St. 
Louis,  and  the  mouth  of  the  Ohio  River:  The  esftimaf^'prdvide  for 
20  dredgels,  6ach'- with  a  dapacitir  6f  2 000  otf.  yd.  p^r  houi*,  tO<»8t,''With 
ail  "attendarit ,  'floating  plant,  tbolai,  atixiliariea;^^  eftc.,  W^SlOO.OOOj  or 
$3OO0(K)  pef'^red^e:  The  alinuar  maintenance  is'^tated  asf  $100  000t>er 
dredge.  .  In.  estimating  the  coiat  6i  la  ditedgiB,  its  life  is  ;he*e  assumed 
as  20  years,  and  i^  sinking  fund  is  provided  for  its  renewal  at  the  end 
of  that  time.  "  ' 


•«. 


Estimated  Annual  Cost  of  Dredges.  ,t  ..;   ^    . 

.     I^i;ere§t  at  3%.  Q^.$.300  OQO, , . . ... . . .... : . . . . . .  V     $9  060 

.    '  4flnu4l.  mainte»an{ce>, • ,  ».a..  ^ . ...,  .>.,......>...  ^..^ .    100  000  '   '    ! ' 

Sinking  fund. ^ ..-♦ ../.,. ...... .". . .  .* .  ,\  .,. . . .     11 166,  * 

$120166       '■' 


'•    •      ,j   ;.. 


'  The  maintenance.  .<^f  the  channel;  by.  dre4giug  would  req-i^re  coi^- 
tinuou^' Voi^,  year  iufter  year,  llQ:penna|l^n;t;  ]:e9ult8  being ;  pbtain|ed. 
In  aboixt  16. years  the  sum  of:  tt^e. amiual  main^tei^ance  ^ould  equal  the 
eslimated^coiFtiof'tiie  rock/revetmai3tt>an4  the  maantepance,  du^^talized 
at  8%,  gives  an-  amount  double  that  for  wbidi  it  appears  a  safe,  and 
^^rmanent  bank  proteetioii  may^be  obtained.  Whj^ther  or  Uiota  dredge 
can  be  built  to  satisfy  the  local, condidkions  caiUiot- be  stated. ir^Qin,: the 
4at0  ^,ha^4>  }^^^  ^^:  ^^9^'  QI>erat!i|Ons^  will  cost^  double  th9se  necessary 
ica  penn^ent/ bjB|nk,, protection,  fu^tjie?*^x,amiiiaii6n  in^^is  direction  ;  .'. 
appears,  to.. b^..»,e€idle8s.._  ;    .  .,,..•  •/.;,.'.     '  .  '\ /^  ^ 
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The  ptir|)ose  6f  thid  difiiBUfifeion  is  to  iridicate  in  a  gen<eral  way^the 
present  conditiansaloiDg' 'the  Lower  Coievado;  and  to'poiat^otit^  from  asn 
analj^is  <d  the  data  here  assembled)  the  f ntnre  eourse  which  will  l^robilt 
bly  be  productive  of  the  best  results.    It  appears: 

(r)  That  in  tiieir  preseht  state,  the*  levees"  ar^' at  die  mercy  of.  the 
iheaiiders  of  the  strei^m,  except  throughout  thode  i>ortibn8  where  a 
railrbad  occupies  the  levee  top;-  •.-'•' 

('2)  That  checking  the  iiieknd^rs  of  the  stream  by  permeable  dikto 
durihg  low  wdter  and  brush  defences  during  high  water  ai^  simply 
emergency*  woi*ks  which '  jaceomplish  no •  permanent  good;    - 

(3)  That  owing  to  the  large  ffmouiit  «f  seour  duriQg.  freshets  and 
the  ^l'4)ack,  on  the  falling  atageybaflak' protection,  )by  meaxift  of  willow 
mattresses  as  constmcted  in  other  ;  places  ;is  .  impractical^ . .  i{  iiot 
impossible';  ■'.  ■•.•:;   .;  j  •    •  -..  .;■•  .......  .,,,. 

(4)  That  bknk  revetnuent,  permanent  in  character  and[  re^onable 
in  cost,  when. compared  with  pt^her  mcnthods,  cfin  jbp  refidily  and  quickly 
acooznpfished  with<  ro(}k  placed  from  railroad  trains,  operated  on  the 
levee  tops  and  donnectioig  with, existing  quarries  which  are  withixi  a 
reasonabledisten.ee.;  :       : 

(5)  That  further  inyestigation  is  peerded  befqre  it  can  be  predict^, 
with  any  degree  of  apcuraqy>  what  effect,  the  possible  storage. of  flood 
water  on  the  vipper  reaches  will  have  on  the  flpod  discharge  and  the 
ineande^ing  tendency  qi  the  .lower  river;. 

....  (6)  That  it , is  doiubtf ul.  if  the  vamo;vuit  of  control  obtained  in  this 
manner  will  eliminate  the  necessity  of  bank  protection,  and,  even  if 
such  control  could  be  obtained,  a  number  of  years  must  elapse  before  it 
can  be  made  effective ;  •     *  ' 

(7)  In  the  meantime,  existing  works  will  continue  to  be  menaced, 
therefore  protective  measures  of  greater  or  lesser  magnitude  must  con- 
tinue. In  view  of  this  fact,  and  the  probability  that  spme  leaving  banks 
will  always  exist,  the  money  spent  for  their  protection  shbFuld  be  for 
permanent  revetment. 

Nothing  in  the  foregoing  should  be  construed  as  opposing  in  any 
degree  the  creation  of  storage  works  at  the  head-waters  of  the.  Colorado. 
All  feasible  sites  should  be  caref Tilly  examined,  their  probable,  in* 
fluence  estimated,  tod  a  well-determiried  construction,  plan  matured 
Subi  preliminary  adtioh  is  necessary  before  the  advantages  to  come 
from  the  complete  development  of  this  river  Can  be  realized.. 

The  destiny  of  this  stream  should  be  controlled  by  engineers  rather 
^an  by  statesmen,  as  the  author  suggests. 

Mr.     ,    Elwood  Mead,  M.  Am.  Soc.  C.  E.  (by  letter).— The  aiithior's  able 

Mead,  j^gview  of  the  irrigation  developnient  in  the  Imperial  Valley  and  the 

measures   taken   to  control   the   Colorado  River,   describes   the  most 
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unifiue  nduev^eQt  in  American  :eogin^iiDg.,HiiioQ  Efds  dAepen^  the   i 
mo^th  of  the  il.iaaisaippi.  .  ,Tbe,  Society,  is  .. indebted  .  b>  Mr.  Gory  tot 
having  giyea,  such  a  cc«iip]ete,  iistory.  .    , 

If  tbe  g^p  in.  the  ColoTadp  bad^ot.tfeen.  closed.  Imperial  and  a 
score  .of  other  .tpwii^  would  bav^  been  htwad  deep  imdar  ii».watBtsat 
an  inland  sea;  the  gr»in  fields  and  Ocehai^  of  tlun^EnldA  of  faimen, 
and  ropr^^tigg  1|he  .swings  <^:  li£etun«^  would  hare  bgen  blotted  out; 
oaer  twelfth  .of  theirrifeatjedvana  of  Oalifomia  would  have  dia^pealwdi 
the,,Legupa  Pam  itould  to-doF.  have  pn^^lj:  been  only  a  smnory; 
and  tjio  giefttot  cbaBffe  in  the  Garth's  gcogvaph;  irtiicll  haa  tabenplaOS 
within  jeqorded  tibnw.^wsukl /have  beea  an  established  faolL        ''    ■''  '' 

Only  those  nhA  heard  the  .turbulent:  torrent  tiiat  vodr^  throDi^  tbe 
break  in  the  bank  of' the  ColArwle  and  saw  the  f orest^ioTeied  laitds 
along  tin  new  chauxi  melt  and  dieai%>ear  in  its  detitbs,  coilld  ixndffc^ 
stand  tbe  appalling  nature  of  the  disaster  which  impended  and  the 
tramoidous  odds  which  had' t»  be' faced  to  Testore  ^e^r^  to  its 
origiOat  'okabnel.  ;■.,■,■:....■  i    .   ..  -r'r..- 

In  this'  attempt  an  Expenditure  of  more  tht 
liaked,  with  the  dlances  oD'the  side  of  failu 
which  Ur.  Randolph  and  Mr.  Cor^  asaumed  &6 
and  the  generalehip  which  thty  showed  in  h 
equipment,  are  not  made  clear  in  Mr;  Cory's  ] 
knew  th^  conditions  faced  can  fully  appreciate  t 
achievement. 

The  chief  value  of  this  paper,  however,  is  not  found  •"?  its  descrip^ 
taon  of  the  engineering  methods  used,  but  in  the  social. and  Political 
conditions,  attending  irrigation  developmcn.t  in  .the  West,  whicb  ,it 
reveals.  This  .history  ehowa.tbat,  so  far.  aB„this  enterpriM  waa,;00ir- 
cerned,  there  was  an  ^tter  lack  of  {inblic  direction,  and  siipatvisioi?,;oE 
either. State  or  Kational  aid;  and,  aa  theae  ais  fta^dawental  feiUuni 
of  irrigation,  development,  it  is  that  portion  of  the  paper  wbicb  the 
writer  propoaea.to  diacuss.  ■    ■.     ■ 

If  it  is  the.dutf  of  the.  Qovemment  to  .coBsene  the  public  r«> 
MUroes  (md  to  give  any  regfurd  to  the  general  welfareof. the  people 'd»: 
T^oping  than^  this  aheuld  be  shown  by  the  enactment  of.  intelligent 
land  and  water  laws  and  adequate  administrative  contml  of  rtreams,  aa 
this  is  the  only  means  of  ensunng  the  full  development  of  these  rO' 
•oiiroee  and  tbe  riffht  condition^  of  life  in  the  arid  West'  This  part  of  the 
country  embrsoee  two^flfths  of  the  IfatiOn'e  area.  It 'was  almost  worth'- 
kes  without  irrigation,  it  ie  imMeiieely  valuable  now,  bat  the  change 
has  been  accompanied  by  a  waste  of  effort,  a  loss  of  money,  and  the 
infliction  of  hardships  and  Iiijustiiie  Which'  could-  haVe  been  easily 
prevented  if  the  Stat6  and  National  Idw-makets  had  d(ol^  their  duty. 
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Wh«n  Western  Mttlem^ut  »a<Aed  the  arid  region,  CongreSa  should 
h»ve  ppovidftd  for  the  diviemoii  of  rivers  unddr  pohlic  control,  and  in 
accordance  with  a  general  plan.  Thia  wtruld  have  g&Tired  the  irriga- 
taoii  of  .the  best  land,  preventedthe  duplication  of  canals,'  or  the  build- 
ing of.  canslg  where  there  waa  no  water  to  fill  them.  Tt'shoiild  either 
have  built  tl»i  lai^e  and  costly  irrigatioa  works  aa  OtiVermnent  projects; 
or.  sttfe^uarded  the  private  iiiTestlnentb'  in  these  works!  hy  'making 
land  and  water  Becimt?  for  t^  cost  Iiutead'<tf  tbis^  there  has  derer 
been  any  satisfactory,  title  to.  water,'  and  ^ 'paUic  laUd  ha^  almost 
invariably  passed  into  a  comtrolhoetile  to  bt-  ind^MideAt  df  the  irriga- 
tion works,  ^atead  bf  adequate  aeourity,- there  was  never,  prio'r  to  the 
passage  of  tha  Care?  Act  and  the  Wyoming  State  Isw  acoef)ting'  this 
Act,:any  security,  for.  the  mooey  spent. in  irHgatitm  .-#oite  to  w«t«r 
public  lands,  and  at  least.  tbree-fOurtiiB  of .  tfa«ee  entwpriMi  wete 
financial  disasters.  ,.,:.:-.  ■  ■    ,.  ^ 

If.  ail  impoTtant  irrigation  .vrort*  had  b^n  httilt-by- ,  the  Govern- 
ment, money  could  have  been  obtained  at  one-fourth  the  iut«cest  .change 
I  had  to  pay,  And  witbotrt;.th«.:riuaous 
Iptatiom  of  these,, enterprises  entailed, 
lade  niu^  l(weT.:ffater  ch*»ir??lP'^'h'fl 
in  irrigation,  its  moat  aeiious  hap4i°ai>i 
it  to  frame  a  land  law  suited  to  req^if*- 
ould  have  at  .once  been  manifest  that 
in  reduced  in   acreage  instead  of  in^ 
creaaed,  because  Jt  requires  more  lahor  to  cultivate  80  irrigated  .acres 
than  it  does'  160  acres  watered  by  rain,  and  the  returns  are  larger, 
InSteiid'of  reducing  the  homestead  and  restricting  settlement  toitoine^ 
steads,  however,  the  Besert  and   Land'  Act' was'pMsed',  which  gave 
fliOacres  tOthe  individual,  conferring  title  Without  residence,  withoui 
Cultivation,  andtoo  often  with  the  ttiere  pretence  of  watering:     "Hie 
Desert  Land  Att  ■rta's  ph>mot<*l-by  the  rich  range 'BtocJt  o-dmer.'  ' Tt  was' 
the  worBfrhandicap  irriga'fiOn' ever  Had,  and,  instead  of 'aiding^  the'do- 
serving  settler,  it  took  away  his  best  opportunities.     Bifltead  of  pnbKc 
control  of  attteams,  men  fought  for  their  possessions  with  shotl^mis 
and  shovelB  along- the  bftnks,  or  -(vithmorB  costly  weaptaw  in   Ui« 
OouEta,' wb^e  litigation,  instead  of  settling  issues, 'as  a . :rule, -ereated 
new  fields,  for:  controversy;     The  water-right- litigation  «f  the  brid 
States -has.  not.  only  been  a-continujjigsource- of  ill-feeling,  iojuettcd, 
waste,  and  liw^-  hut  its  existence  iaa  reflection  .on  the-  capacity  of  th» 
laiff-makerB  who  ate  responsible  for  iti     An  undwetaading  of  tliese 
matters  i8:neea6sary,.rigbtJy,to  intej:pret,Fhat. occurred,  in  llie  Imperial 

■Vall^.         1.  .  ■      ■-..:■■:  '.■■..-. 

The.irrigatipn  and.  settienient  of  the,  desert  of  ,Southera„C^fDrma 
should  .nev6B;h*ve  b^n.  ie|t  .to,priy4le  enterprise. ,.  .Thia  wa?  a  ca.se 
calling  for  direct  Governmental  control  and  responsibility.    The  desert 
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was  below.0ea  level.    It  waa  worthless  to  the  8tatektdaiigero:as  to  travel-   Uwi. 
ezfii,  ax]4  ugly  to  look, upon,     I^  waa  known. tbat  the  Colorado  Rive?  ^"**^* 
was  a  stream,  subject  to  torrential,  floods  and  that  the  batiks.  wer€i 
alluvial;. and  it  required  only  the  slight^t  consideration  to  realize  the. 
danger  which : would  menaca  settlers  , if  ihey  were  allowed  to. make 
hofues  .in  this  valley  ^thout.  the  diyersiop  works  ;being  ni^ade.  ^afe^ 
beyond  question.    The  benefits  which  would  come  from  irrigation  and 
settlement:  made  it,  a.  matter  pf  direct  concern  to  every:  resident  pf , 
Calif omia>  .gave  the  project  a  Najtional  importance,  and  justified  its 
constructio;a  as  a  public  work..  , 

n,  hK>weyer,  the  State  did  not  build  the  works,  it  was  its  duty  to' 
aupieFvise  th^nand  protect  the  private  enterprise  whicb  did.  Before 
investovs  iwere  .allowed*  to  risk  their  capital  ;or.  settlers  riek  their  lives 
and  comfort,  some  public  authority  should  have  seen  to  it  thie^t  the 
land  was  fit  to  cultivate,  and  that  there  was  a,  legal  title  to  water; 
and  there  should  have  been  an  inspection  of.  engineering. plans  and  aq 
investigation  of  fiikanc^al  arrangements.    . 

.  Instead  of  this>  an  irresponsible  company  without  capital  employe 
an  engineer,  whom  it  fails  to  pay.  A  right  to  10  000  cu«  ft  pen:  seo. 
of  a  navigable  intematicmal  streaim  is  established  by  the  engineer 
posting  a  notice  in  an  uninhabited  jungle  of  weeds  and  brush.  Of 
cQuise)  this  was  a  farce,  but  it  was  the  .manner  of  establishing  .water: 
titles  prescribed. by  the  law  of  California.  That  the  title  was.  worth?-: 
]08B  :wft8  shown  later,  but. the  early  investors,  did  not  know  .this^  they- 
tarusted  the  .State  to  uphold  and  def^id  its  statutes^  and  were  betrayed, 
Anjt  one:Who>  reviews  this  record  must  be  amazed  at  the  ediibit.of 
isQiperfecrt<  laws  and  the  incompetence  or,  indifference  of  the  public 
authoritiesi  '  The  surveys.  Qi  pubji^  lands  were.  «hown:  to-  :have  be^ 
fraudulent,  whid^  was. bad.  enough,  but  the  delay  of  six  years  in.cprrect- 
iMT  them  was  infinitely  worse.  ,  The  eitamination  of  the  soil  •  should 
have,  been  made  before  settlement  instead  .of  afteirward,..  and  should 
never  havQ :b^n  madC;  except  by  experts. having  practical  knowledge, 
of  irrigation*  .  Instead  of  a ;  proper  land  law,,  much  of  the  land  was. 
acquired  by  nom-'resident  speculators. 

..  When:  the  water  title  was  attacked  by  the  Interior  Department^, 
it  was  the  duty,  of  the  3tate  to  defend  its  authority  to  grant  titles  and  to: 
protect  this  struggling  project  and  the  unfortunate  settlers.  For.,  thia- 
proteotion,,.hP'W^ver,.  th€|y  had  to  ;look  to  a  foreign  country,  and.  one 
wonders  iwl^t  would  have  been  the.  result  if  Mexico  had  been  as  in,- 
differ^t^.as  the  United  Slates..  ..This  at;tack  on  the  water  title  by.  the. 
Unite.d  States  seeins  to  have  been  morally  wrong,  even  if  legally  defensible.. 
|Finally>  when .  it  wa9  known  that  the.  river  was  beyond  control^ 
and  the  .most  appalling  calami^  that  ever  menaced  the  State  of  Cali- 
fornia was  impending,  it  should  not  have  been  left  to  a  bankrupt  com- 
pany and  impoverished  .settlers ,, to.  cope  unaided  with  this  disaster. 
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Mr.., It  was  the  dtlty  of  th^' State  or  Nation  to  take  charge,  and  prbVide 
•  the  money  and  wen  ne^ed  to  restore  the  river  to  its  formed  efeahnel. 
Apparently,  no  6nfe  in  Authority  was  interested,  the  Stiate  Gbtremment 
only  considered  thfe  Inattei*  Idng  enough  to  Write  a  tetter  to  'the  Presi- 
dent,  a^d  the  Presidefat,  having  CongresiS  oh  his  handsi  shifted  the 
responsibility  to  the  head  of  a  railroad  company;  iand  it  viras  riot  tintil 
this  railroad  eoiiipany  took  charge  that  we  have  the  fitst  refreshing 
okample  of  generosity  and  public  spirit.  Nothing  could  have  beeti 
finer  than  -^e  action-  of  Mr.*  Harriman.  The  loan  of  $Sf5OOO0' v^h^n 
his  time  and  resources  were  overtaxed  by '  the  earthqtiake  at  San 
Francisco,  providing  more  than  $1000  000  for  the  last  hazardous  at- 
tempt to  save  the  valley,  furnish^  ati  inspiring  contrast  to  the  supine 
indifference  and  irresponsibility  shown"  by  both  the"  State  and  Federal 
authorities.  ;••:•. 

The  Ilnperial  Valley  produced  last  year  crops  worth  $10000  600«i 
The  most  desolate  pai^t  of  California  has  become  attractive^*  produtrtivej 
and  profitable;  but,  when  one  contemplates-  the  haidBliijp,  ati^lel^;  and' 
sof^ring  of  settlers,  and  the  waste  and  loss  to  the  investors  in  the 
enterprise,  one  cannot  help  feeling  that  the  conditions  'whiekinxposed 
such  burdens  on  devdopment  ought  to  be  removed.  • 

The  National  and  State  benefits  which  have  xesitlted  ought  to: 
have  brought  both  wealth  and  public  recognition  tcy^  the  pioneers  of 
the  enterprise i  instead,  its  engineer  and  oi^anl^er-  T^as  m-  ibB  eUA 
cast  on  the  scrap  heap,  his  life  work' wasted;  and  a  lai^  penomtage 
of  the  pioneer  settlersy  after  •  untold  •  hardships, '  had  to  give  up  -  and' 
leavel  Many  of  those  now  in  tho  valley  have  had  to  pay  high  prices 
for  thfeir  land  as  the  result  of  early  aoc^uiretnentbjr  speculators;  Th^ 
Soulftiern  Pacific  Company,  Although  requested  by"  the-  Presidisnt' of 
Idle  United  Stittes  to  save  this  valley  from  destruction,  has  not  'been' 
paid  for  doing*  sol.  The  speculators  in  the  cSbmpany;  who  were  astute 
^nou^^h  to  get  two  dollars  for  one,  have  in  many  instances  become  rich; 
tho  lawyer^  who  have  had  charge  of  the  Unending  litigation  have  reaped- 
a  fruitfui  harvest*  but  those  who  t^rked  for  the  real  sucfcess  Of  the 
enterprise,  the  men  who  risked  their  own  icottifort  find  that  of  their 
faihili^s  to '  fer^at^  homes;  have  paid '  pfenaltieS* '  which  •  ate  eiltii<Oly '  un- 
necessary where  irrigation  development  is  carried  out  unde^  a*  proper 
EQ^stem  of  public  control.'  •    ^  • 

'  Mi*.  Coiy's  paper  needs  to  be  read  iri  ic6nnection  With'  that  fecJontly 
submitted  by  Mh  Lewis,*  the  Stat6  Engineer  of  OregOtajb<yth  papers 
sli6w  the  need  for  a  chaalge  ill  the  public  cohception  6f  thfe  duties  and 
responsibilities  of  the  Government  in  conserving  and  developing  public 
resource, '  ahd  a  general  appreciatioti  of  the  need  of  inore'  ^ectivie  laws 
for  safeguarding  investnieuts  and  m^iiig  the  settleirient  of  arid  lands 
easier,  cheaper-  and  safer  "than  this  has  been' in  tltopa^^  " 

— T-n — J.\vi'v — :  i   1*  < — --<-> — ; f ..   '■.    ,■"■•• ".'V  "      /  fr     ■■■"  r. — !t— : r-r— i — ■■■      ;      "'.•} — ■     ..,.      ^,.:,. 

•  franaactiona,  Ain.  Sbc.  C.  B.,  Vol.  LXXVI,  p.  637."  " 
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W.  W/FoLtttTr/if,  Am.  Soo.  C.  Ei  (bjr  letter)  ;-^Mi*:  Corf  s  pa^yer  i^.\ , 
is  valuable  aftd  intbteBtmg^  for  iae'x^rar  t^asoiis.  It  giv^  In  chrono- 
logical order  tte  histoiy  df  irrigation  in  the  Imperial  Yalley,*^  culriiinit^ 
ing  in  the  terrible  battles  with  the  gigantic  and  treacherbus'  t/olorado"^ 
it  records  the  impressions  and  beliefs,  after  sober, second  tb6tjght,oi 
one  who  was  there  in  responsible,  charge  during  the  inonths  and  years 
of  greatest  stress,  and,  above  all;  it  is  especially  pleasing  to  the  writer 
because  the  author  takes  occasion  to  show  how  uncialled  for  was  the 
hysteria  which  accused  Mr.  Eockwqod  of  haying  made  a  criminal 
blunder  in  opening  the  out  through  which  the  riyer.made  the  crevassesi* 

In  Ms^rch,  1903,'  the  writer  made^  a  trip  down  the  Colorado  River 
by  rowboat,  starting  at  Xuma  fii^d  goii^gto  a  pifice  known  locally  as 
"Mike's  Laijding,ff  whicl)  .was  about  80.  or  90  inile?  .by  .river  below 
Yuma  andnearthe  bea4  of  tide-water.  The  return  trip  Wias  made 
by  wagQU,.  through  the  delta  lands  west  of  the  river,  along  thie.  west 
ba^]^  of  Yolpano  I^e,  and  to  Calexico.  .... 
.'.  Op  this  trip,,  which  was  jpaade  on  a  Xuma  gauge  of  ,18.3,  o?:  about. 
1.5.  ft,  i^b<?;ve  1q)v.  w^ter  for  that  se^n^.it  was  noted  that  thp  hpi^ht 
osf  the  river  bfuika.  varied  from  5  to  8.  ft.  above  the  surface  pf  the 
water.  ,  The  niaximuni  flood,  pf  .1902  was  2.4.5  on;  th^  YumA  g^uge^ 
and,  judging  from  the  high- water  marks  on  the  treses,  filled  the  rivpr 
a  trifle  more  than  bank-fuU,  whether  the  banks  were  5  oj  8  ft.  high,. 
Apparently,  :sp;  much  water,  escaped  as  soon  as,  the  bank^i  were  topped 
that  the. Ii^e. ceaspd.  After  passing  9,  point. about  whe^i^  the  Qreya^s^ 
oi  1?05  ,ftf^erward.  occsurijed,:  where  .th^  width,  pf  .the  , channel  .wa& 
800  ft.  or  more,  the  latter  ii^rrowed,  99.  water  was^  filled  oyer  .the  bjstnjqi,, 
\intil.it  '^aa. only  410  ft.  between  t.he  pverflpw ^bwiiks.af  ]!k(ike^8^ 
ingi  These  apparently  did  »ot,  overflow  deeply — i^lthougt  ^ .  that  time 
there  had  not  been  for.  many  years  su^h  eno?:mo;ua  discharges  as  have 
come  during  the  last  8  or  9  years.  .    .     ..s.   r 

P^  .leaving;  the  landing,  the,  wagon  road  led  directly  away  from  the 
river  for  alboiit  10  miles  and. then  veered  to  the  northward,  toward 
Volcano  Lake.  The  high-water  marks  showed  that  there  was  a  rapid 
fall  in  the  ^bund  as  the  river  was  left  behmdl  Of  course,' these  marks 
werie  not  level,  but  fell  away  from  the  riVer,  as  drift  ^hb^ed  tha:t  the 
cui^nt  iiad  lieeti  ii  that  direction.  l*h^  fall  mentioned  by  the  authdif 
-—from  5  to  8  ft.  iii  'the  first  3  000  ft— was  found,  being  nearer  tlie  . 
latter  figure.    After  that,  the  fall  was  more  gradual.  *  '[':'" 

In  goin^' north  it' was  noted  that  each  fiood-water  channel  cr'oissed 
was  running  oil  a  ridge  similar  to,  but  much  smaller  than,  that  'ott 
which  thW  main  river  rail.  '      "  '  '  '  ;  ,     '  '      '' 

'As  a  Iresult  df  that  trip^'  this  ^iter  was  impresised  With  th56  idei 
fliat  the  Oolbrado  was  rieiaring  ah  epochal  change  in  its  <ioUi*3e  'aerd6& 
its  delta.    It  is  well  known  that,  an.  alluvial  stream  builds  up  its  banks 

*  TranMctions,  Am.  Soc.  C.  E.,  Vol.  LXn,  p.  24. 
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F%tt  ^"^^  ^^^  across- its  delt^  until 'it  lies  on  a  ri'dgej .  and  tlia,t  finally 
■^  *  the.  time  coiaes  when  the .  rive^  l?raaks.  away  ffpm  .this,  ridge,,  takes 
a  Aew  course  to  the  sea. across  the  lowe^  portion; of  the  delt^,  and 
proceedfif  ^o,  bujld  anptber  ridgCt  When  the  stream  reaches  this  condi- 
tion of  instability  it  is  impossible,  except  at  great  expense,  to  keep  it 
on  the  tigh  ground.  ,  The  writer  had  no  idea,  however,  that  the  river 
would  break  into  the  Imperial  Valley,  but  believed  that  the  ridge 
north  of  Volcano  Lake  and  the  embankment  along  £he  canal  of  the 
California  Development  Company,  would  prevent  suet  a  diversion. 

Subsequent  events  have  confirmed  this  idea,  arid  the  writer  is  now 
of  the  opinion  that  any  money  which  may  be.  spent,  in  aitteinpting 
to  close  the  Abejas  Crevasse  will  be  wasted,  because^  even  if  it  is 
closed  arid  held,  the  river  will  bireak  out  again  somewhere  else. 

The  iauthpr  has  shown  ^uite  clearly*  that  no  serious  ^ade  recession 
has  resulted  from  thle  Abejas  Orevassei'  As  the  river  hy  been  i*uiiiiing 
through  this  opening  for  4  years,  during  tvhicih  time  thete  haye  come 
the  two  largest  floods  ever  knc)wri,it  is  fair  to  assume  that  no  further 
^ade  recession  will  occut,  but  ^hat  a  new  delta  is  forming,  poiiitin^ 
toWard  Volcano  Lake;  and  that  the  tendency  henceforward:  wiH  be  for 
the  bed  of  the  river  to  "rise.  Therefore;  no  danger  to  the  wafer  supply 
of  the  California  Development  Coriipany  nor  to  LagUiia  Dam  .is  tb 
be  expected.  It  is  best,  therefoire,  toi  t-ecognize  this  as'  idn  epochal 
charige,  allow  the  river  to  take  its  own  course  to  the  Crulf ,  iiiid  protect 
the  Imperial  Valley  by  raising  and  strengthening  periodibally  the  levee 
which  lies  iiortii  of  Volcano  Lake  arid  iextends  back  to  the  river.  For 
thej' valley  this  will  be  a  sure  prbtectiqri,  which  the  closing  of  the  Abejas 
Crevasse  woiild  not  afford  for  any  length'  of  "tinie;. 

Attention  i^' called  to. the  narrow  gorge  between  levels,  w-hlch  be- 
gins opposite  Aridi-ade  arid  extends  for  2  riiiles  down '  stream.  The 
levees  average  about  1  500  ft.  apart,  with  a  width*  of  rivet  channel  of 
1000  ft.;  that  is,  the;  average  berm  on  each  side  be^tween  the  river 
and  the  levee  is  only  i250  ft.,  and,  in  some  places,  it  is  probably 
narrower.    This  conditiopi  is  shown  on  Plate  L.' 

If,  during  some  flood,  the  current  of  the  river  should  be  deflected 
SO.  as  to  strike  the  right  bank,  and  scouring  began,  it  is  the  writer's 
belief  that  the  levee  and  banal  bank  would  be  eatep.  away  like  sugar, 
^d  the  riv^  would  be  diyerted  into  the  canal. and  dowp  the  Alamo, 
again  reaching  the  §altoi^  Sea.     .  .    . .  •       ... 

J,.  To  preyent.this  diversion,  a  safety  gate  can  be  built  about  2  miles 
below  the  .BEind  Dam  (see  Plate  L),  At  this  point,  .the  Rock- 
wood  Crevasse  channel  touches  the  sand  hiUs  on  the.n,orth,,and  a  qroefl- 
levee  could  be  built  from  the  gfte  .to  thjs,  maiu  levee  on  the  a,outh,..  As 
there  is  muqb  faU„  a  d^'PP  woul^  probably  b,e  nee4e4f  ..In  this  might  be 

.  ■  ■  ■  ■  III  I  ; 

■'  •  Pages  1214-1215;  and  Fig.  s:     '  • 
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placed^tes^  if  thought  best,  whi<di  oouM  be  used  for  siuic&nir  Mnd    ifii^ 
f  lom  the  canal  ttbore.    • 

The  writer  was  on  the  grouzid  severid*  times  prior  to  the  eloetire 
of  the  crevasse  by* the  Hind  Dam;  and  was  strongly  impressed  'wi^ 
the  danger  of  the  river  '^ide-wiping''  the  oanal  in  this  tairrow  stretch. 
If  it  starts  to  shift;  the  efbrta  ef  man  to  stop  it  will  seem  piuay  in 
compftrison  with  the  iminmsd  destractiTe  fo»te  of  the  currenti  It  is 
stated  that,  in  the:  Edinger  Dianv  piles,  64. ft.  long,  were  driven  more 
than  50  ft.  into  the  bed  of  the  river,  and  that,  when  the 'flood  strudd 
them,  they  scoured  out  and  floated  away.;  they  were,  hot  broken,  but 
came  out  bodily.  Atibeiltion  is  called  to  the  author's  statnxient  (page 
1214)  that,:in  19(S  and  again  in  1909,  it  Was  found  that  for  an  increase 
of  10  ft.  in  the  gauge  height  at  Yuma  there  was  a  lowering  of  tiie  bed  of 
about  30>  ft  This  was.  where  the  river  was  flowing-  in  a  straight  and  unt 
imp^ed  channel.  It  is  not  possible  to  say  how :  deep :  it  would  Acour 
in  a  sharp  bendv  It  would  be  deep  enough,  howiever,  to  undermine  and 
destroy  the  levee,  regardless: of  any  ri{^rapping  wbieh  might  be  on. its 
face,  or  any  rock  which  might  be  hastily  dumped  .islto  the  river.  It 
is  the  writer's .  belief  that ;  this  ip  i^.  serious  .menace  to  the  Ijcnperial 
Valley. .  The  fact  that  the  river  chsjp>3iel  is  now  practically<  str^ght  tox 
g.bout  4  miles  is  almost  proof  pqsitiYe--^beafiping  in;  niind  .the:  i^ipsyn* 
ciiasies.  pf  ^  Q^  alluvial  streamTT-that  it  w^ll  .npt  r^maUi.in  tbat.conditipn 
very.  Jong.  „  Whichever  way  the  biend  may. start,  tW  current  will  sopn 
be  attacking  both  sides,  as  it  will  rebpur^d  from  one  bank  to  tie  other. 

R,  H,  FoBBEip,  EsQv*  (by  letter).— To  those  ^li^'Jio  kpow  the  Colorado  Mr. 
Eiy.er^.  and /who  in  a.  measiiife  realise,  its  eccentric,  an4  immaiijEi^efiJble  ^^ 
eheract^j.Mr^  Cory's  account  of  control  wojcl^in  the  Pelta  is  rendered 
ddubly  interesting  by  that  which  the  reader  may  ^find  between,  the 
lihes.  iFoi',  in  proportion  as  the  work  wais  difficult,  original  in  methods 
afloiited,  and  spectacular  in  its  abcoihplishment,  Mr.  Goiy'd  account 
is  unassuming,  matter  of  fact,  and  quietly  scientific.  Of  the  errors 
9iade  by. various  agencies  that  in  some  way  touched  this  reclainatioh 
of.  the  Delts^,  b^;is.mo«t .^neritioal.    .,.  ^, 

:  An  observeir  of  events  along  the  .Colorado  from  .1905  to  1912  could 
riot  but  be  impressied'by  the  efficiency  of  the  Southern  Pacific  Bail- 
road  organization,  with  its  ready  aiid^ 'varied  i^esourees;  its  persftnndi, 
and  its  ,  esprit  de  •  corps,  in  dealing .  with;  the,  situation.  "Not  the  least 
factors  in  a  successful  outcome  were  th^  democratic  and  friendly  rela.- 
tions  thfit  existed  between  Jifr.  Epfss.KancJolph,  .Mr,  Cory,  and.  others 
of  the  »;ianagement,  and.  the  motley  crew  of  Americans,  Mexiq^ijis,  and 
Indian^  whose  confld^ce,  and  loyal  supiwrt.  ihey   cpmmaiiided, -to   a 

remarkable  degree. ' 

.  Of  the  colossal  and  urgent  nature  of  .tjhe  .taafe, .  the  adverse  rwe^ther 

^  Director;  Agricultural  Experiment  Station,;  (Jtitv.  of  Aritona;  Tttcson,  Aris. 
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^^/  ^ostiditioais,  the  experimeilUl  character  of  the  work,  the  conflicting 
*  advice  received  from  influential  sources,  the  diplomatic  complications 
with  Mexico^  and  the  flnaneial  entanglements  incident  to. the  under- 
taking, Mr.  Cory's  own  account  is  sufficient  evidence. 

In  Dr.  William  P;  Blake's  account  of  the  region,  written  shortly 
hef ore;  his  death,  he  relates  the  discovery  in  1853  of  San  Gorgono  Pass, 
through  which  the  Southern  Paciflc  Railroad  was  huilt  about  twen^- 
five  years  .later,  and  describes  the ; descent. of  his  paHy  into  the  old 
lake  bed^  below  thelevd  of  the  sea. 

He  also  outHnes  Ihe  topography  and  geology  of  the. region,  describ- 
ing the  laeust^ne  depidsits,  the  fossils,  the  salt  beds,  the  mud  volcanoes^ 
and  to  some  extent  the  vegetation  of  the  basin.  He  points  but  ^e 
manner  in  which  the  sediments  of  the  Colorado,,  the  tides,;  and  rising 
la<nd  levels  Anally  cut  ofl  a  portion  of  the  ancient  Gulf  of  Calif  omia, 
and  describes  the  old  lake  Cahuilla  thus  formed,  with  its  beach  lines 
and  its  fluctuations  in  level  as  the  river  flowed  to  one  or  the  other  side 
of  its  ddta^  He  even  relates  the  Indian  traditions  of  the  former  ex^ 
istence  of  thiis  lake. ' 

M<>6t  interesting,  however,  are  Dr.  Blake^s  quotations  f rotn  his 
reports  td '  the  War  Department  in  1855,  in  which  he  points  out  the 
fertility  of  the  soil,  and  the  possibility  of  iihdgating  th^'  region  by  a 
ciaiiiii  from  the  Colorado.  He  even  stateis  the  danger  of  overflow  through 
siich  a  canal  and  thie  refilling  of  the  ancient  lake.  The  following  words, 
quoted  from  the  old  report,  have  prophetic  value: 

,  "From  the  preceding  facts  [relating  to  soils'  and  vegetation]  it 
becomes  evident  that  the  alluvial  soil  of  the  Desert  is  capable  of  stis- 
taining  a  vigorous  vegetation."  *  *  *  "If  a  supply' of  water  cotdd 
be  obtained  for  irrigation^  it  is  probable-  that  tho'  greater  part  of  the 
Desert  could  be  made  to  yield,  oroiJS  of  aln^pst  any.  kind.  During  the 
seasons  of  high  water,  or  the  oy.erflows  of  the  Colorado,,  there  would  be 
little  difficulty  in  irrigating  large  areas  in  the  vicinity  of  New  River 
and  the  lagooii^.',  By  deepening  the  channel  of  New  River,  or  cutting 
a  canal  so  low  that  the  water  of  the  Colorado  would  enter  at  all  seasons 
of  the  year,  a  constant  supply  could  be  furnished  to' the  interior  por- 
iioM  of  the  Desert.  It  is,  indeed,  a  serious  question  whether  a  canal 
would  not  cAuse  the  overflow  of  a  vast  surface  and  refill,  to  a  certain 
extent,  the  dry  valley  of  .th^,  Ancient  l.ake." 

Nothing  is  wailting  here  but  a  suggestion  for  the  control  of  the 
river,  ias  detailed  in  Mr.  Cory's  paper. 

It  is  remarkable  that  a  inan  in  his  early  twenties,  inexperienced  in 
irrigation,  and  travelinj^  fot  the  first  time  through  desert  coimtry, 
should  have  estimated'  sb  accurately  the  possibilities  and  liabilities 
of  Salton  Basin,  fifty  years  before  the  development  of  the  region.  It 
seems  that,^  until  recently,  Professor  Blake's  was  not  only  the  first, 
but  the  dearest/  general  coxkception  of  conditions  in  the  Delta.    Others 
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have  promoted  the  irrigation  of  the  !Basiii«  and  some  have  realized    Mr. 
the  possibility  of  a  break-away;  but,  until  1905,  additions  to  knowl- 
edge of  the  region  were  mostly  supplementary  to  Professor  Blake's 
descriptions. 

If  one  may  lopk  for  useful  suggestions  in  this  oonnection,  attention 
may  be  called  to  the  necessity  for  a  oo-ordinated  study,  by  the  proper 
agencies,  of  our  great  physical  problen^s,  such  as  the  utilization  of  a 
great  riyer,  and  the  proper  control  at  all  times  of  operations  affecting 
the  final  solution  of  such  a  problem.  The  '^poark-barrel"  method  of 
haiidling  riyer  improvements  from  the  governmental  side,  is  admittedly 
desultory  and  wasteful;  and  it  is  to  be  feared  that  scientific  agencies 
engaged  in  the  study  of  these  same  problems,  as  a  rule,  axe  not  well 
co-ordinated.  It  may  be  that  the  Colorado  has  drawn  attention  to 
these  facts,  with  corresponding  advantages :  to  come.  The  Newlands 
Eiver  Eegulation  Bill,  now  before  Congress,  will  make  possible  a  com* 
prehensive  study  and  development  of  the  Colorado  River  as  a  whole,  for 
storage,  power^  and  irriga,tip!n;  and  the.Carn^e  Institution,  on  the 
purely  scientific  side,  is  soon  to  publish  a  collection  of  scientific  papers 
relatii^  to  the  Delta  region,  among  which  will  ai^ar  Professor  Blake's 
complete  paper. 

R  S*  Buck,  M.  Am.  Soc.  C.  Ei  (by  letter). — The  writer  has  read  Mr. 
Mr.  Cory's  paper,  as  well'  as  several  of  the  discussions  thereon,  with  ®"*'*^ 
great  interest,  but  is  forced  to  a  view  radically  different  from  that  of 
Mr;  Sellew  regarding  the  propriety  or  advisability  of  incorporating  iii 
such  an  engineering  paper  so  much  collateral  matt^  of  legal,  financial, 
and  (he  might  have  added)  political  character. 

Mr.  Sellew  says: 

"The  record  of  the  operations  incident  to  the  return  of  the  river 
to  its  formei*  channel  is  extremiely  complete,  although  partly  obscured 
by  a  mass  of  legal  and  financial  entanglements  which  properly  have  no 
place  in  a  piirely  engineering  article." 

Though  it  may  have  necessari^  taken  a  longer  time  in  the  relating 
than  the  casual  reader,  in  quest  of  purely  technical  knowledge,  may  have 
desired,  one  of  the  principal  features  of  ,  interest  and  value  to  the 
writer  in  Mr.  Cory's  paper  is  the  graphic  portrayal  of  the  desperate 
odds  which  engineering  talent  anji  effort  are  often  forced  to  meet,  as 
a  result  of  long-range  financial  management,  clogging  legal  compli- 
cations, and  the  blind,  selfish  play  of  the  political  game. 

Engineering  work  is  now  controlled  by  forces  far  beyond  the  laws 
of  physics,  and,  if  he  would  occupy  a  position  to  whic}i  his  technical 
talents  properly  entitle  him,  the  engineer  must. learn  something  of 
these  forces.  . 
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Ml*.         In  the  writer's  opinion,  Mr.  Cory  is  to  be  commended  rather  than 

^  '  criticized  for  devoting  So  much  attention  to  the  conditions  in  question, 

for  he  has  certainly  thrown  light  on  some  dark  places,  and  has  shown 

how  vital  it  is  for  engineers  to  consider,  in  their  planning,  the  laws 

and  habits  of  men  and  money,  as  well  as  the  laws  of  Nature. 

The  Lower  Colorado  is  not  merely  a  problem  of  yesterday,  present- 
ing a  vague  general  moral.  It  is  a  vital  problem  of  to-day  and  to- 
morrow and  of  years  to  come.  It  will  probably  tak^  a  place  alongside 
the  Lower  Mississippi  River  as  another  engineering  problem,  dragging 
out  a  long,  weary,  and  costly  existence  as  a  restdt  of  Government 
incompetence  and  political  selfishness. 

Of  course,  Mr.  Cory's  paper  can  affect  but  little  the  thus  far 
meager  results  of  mighty  efforts  to  control  the  Colorado,  but  it  should 
have  a  marked  effect  on  future  efforts,  if  a  reasonable  amount  of  intelli- 
gence is  to  direct  these  efforts. 

If  Mr.  Sellew's  apparent  views  were  shared  by  Idie  Publication 
Committee,  we  would  have  nio  papers  such  as  those  on  water  laws  and 
valuation  of  public  utilities.  Th<e  importance  of  these  and  similaT 
collateral  subjects,  the  writer  feels,  is  growing  to  be  more  and  more 
appreciated  from  the  engineering  point  of  view. 

Mr;  F.  T.  BoBSON,  Assoo.  M.  Am.  S6c.  C.  E;  (by  letter). — Under  the 
"'heading,  "Salton  Sea",  the  authw  makes  two  statements  which  ar6 
quite  noteworthy,  and  not  to  have  been  expected.  The  first  is  that  the 
land  uncovered  as  the  sea  recedes  is  being  cultivated  with  entire 
success,  and  presumably  with  no  preliminary  treatment  to  remove 
soil  alkalinity.  This  is  the  more  significant  because,  before  the  for- 
mation of  the  sea,  this  land  had  an  alkalinity  so  great  that  it  was 
condemned  by  the  soil  surveys  of  the  United  States  Department  of 
Agriculture,  mentioned  elsewhere' by  the  author.  The  soil  alkalinity 
of  this  part  of  the  desert  is  in  general  greater  than  throughout  the 
portion  first  cultivated  and  for  which  the  Imperial  Area  Soil  purvey 
was  made.  Since  then  it  has  been  covered  for  from  1  to  6  years  by 
water  which,  iaccording  to  Tables  20  and  21,  was  in  1907  more  than 
one-tenth  as  high  in  soluble  solids  aJs '.  ocean  water  (and  generally 
similar  in  the  proportion  of  the  various  elements),  and  is  undoubtedly 
growing  constantly  stronger  because  of  the  submerged  salt  beds. 
Nevertheless,  independent  inquiry  confirms  the  statement  as  to  the 
successful  cultivation  of  the  land  which  is  being  exposed. 

The  other  interesting  and  surprising  statement  is  that  the  gross 
evaporation  from  the  sea  is  only  6  ft.  per  annum.  The  writer  has 
also  taken  the  trouble  to  check  this  figure — and  has  found  that  it  should 
be  only  67  in. — ^and  in  doing  so  he  has  collected  some  information 
bearing  on  this  i)oint  which  it  is  thought  will  be  of  interest. 
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The  opportunity  offered  at  the  Salton  Sea  for  careful  detenuination 
of  grosa  evaporation  from  large  areas  of  water  Burface,  and  the  rela- 
tion of  this  evaporation  to  that  from  email  pans  end  evaporators,  waa 
recognized  by  the  officials  of  the  United  States  Weather  Bureau,  end 
from  October,  1907,  to  the  end  of  1910,  a  large  amount  of  work  waa 
done  there. 

Special  studies  of  evaporation  loas  from  the  surfaoee  of  lakes  and 
reservoirs  were  begun  by  the  Weather  Bureau,  under  die  direction 
of  Professors  Bigelow  and  Marvin,  at  Beno,  Nev.,  about  August  let. 


1907,  the  main  headquarters  being  transferred  to  the  Salton  Basin 
near  Salton  in  the  following  October.  Observations  were  also  made 
simultaneously  at  the  near-by  points,  Indio,  Mecca,  Mammoth,  and 
Brawleyt  and  at  the  following  distant  points:  Phmnix,  Ariz.;  Eagle 
and  Carlsbad,  N.  Mex.,  these  being  at  low  elevations  in  these  States; 
Mitchell,  Nebr.;  Howell,  Wyo.;  Bupert  and  Boise,  Idaho;  Hermiston 
and  Elamath  Falls,  Ore.;  North  Yakima,  Wash.;  Fallon,  Nev.;  Lake 
Tahoe,  CaL;  on  the  Bocky  Mountain  Plateau  up  to  an  elevation  of 
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Vt.  6  000  ft.;  Birmingham,  Ak.;  Cincinnati,  Ohio;  Tnppefr  Lake,  N.  Y.; 
"•  and  Lockport,  HI.,  in  the  districts  east  of  the  Mississippi  River.  Most 
of  the  western  points  selected  were  stations  of  the  U.  S.  Beclamation 
Service,  and  at  most  of  them  evaporation  ohsenrations  were  taken  at 
2,  6,  and  10  a.  m.  and  at  2^  6,  and  10  p.  m.^  though  in  a  few  cases  ob- 
servations were  taken  only  at  6  a.  m.  and  2  p.  m.,  which  were  found 
to  be  about  the  time  of  minimum  and  maximum  evaporation,  re- 
spectively, and  itom  which,  it  has  been  shown,  very  accurate  results 
can  be  obtained  by  taking  the  mean  values. 

The  final  bulletin  on  the  data  collected  and  the  conclusions  derived 
therefrom,  though  promised  to  be  issued  in  1911,  has  not  yet  ap- 
peared. It  is  hoped  that  it  will  not  be  much  longer  delayed.  How- 
ever, Professor  Bigelow  has  given  a  summary  of  results  and  deduc- 
tions in  a  preliminary  report.*  This  preliminary  statement  does  not 
contain  the  observed  data,  which,  however,  are  abstracted  by  Professor 
Bigelow  in  the  "Abstract  of  Data,  No.  4",  issued  by  the  WeathJer 
Bureau,  being  "A  Provisional  Statement  Regarding  the  Total  Evapo- 
ration by  Months  at  23  Stations  in  the  United  States,  1909-10". 

The  preliminary  experiments  at  Reno  indicated  that  a  large  body 
of  water  loses  only  about  seven-tenths  as  much  as  a  small  pan  set 
in  a  dry  place  outside  its  vapor  sheet.  The  further  experiments  in- 
dicated the  loss  to  be  near  65%,  in  the  opinion  of  Professor  Bigelow; 
and  the  results  at  the  Salton  Sea,  properly  corrected,  in  the  writer's 
opinion,  indicate  the  proper  coefficient  to  be  still  lower,  namely  60 
per  cent.  This  relation,  from  the  practical  point  of  view,  is  the  most  im- 
portant fact  brought  out  in  the  work  at  these  various  stations,  particu- 
larly in  that  at  Salton.  At  this  point  four  towers  were  built :  No.  1  about 
1  500  ft.  from  the  water's  edge,  No.  2  near  the  Southern  Pacific  trestle 
over  Salton  Creek  about  500  ft.  from  the  shore.  No.  3  j  mile  west,  in  40 
ft.  of  water,  and  No.  4,  which  is  120  ft.  high,  IJ  miles  west,  in  55  ft. 
of  water  (depths  in  1909).  These  towers,  though  made  as  stiff  as 
possible,  were  found  to  have  a  slight  vibratory  motion,  even  in  quiet 
weather,  and  hence  the  water  in  the  evaporation  pans  required  to  be 
damped  in  oscillation  by  submerged  partitions. 

The  important  results,  as  given  by  Professor  Bigelow  in  the  pre- 
liminary report  referred  to,  are : 

1. — That  the  wind  velocity  .  was  so  different  at  various  heights^ 
0,  10,  20,  30,  and  40  ft.  above  the  ground — amounting  oftei*  to  30% 
less  at  the  ground  than  10  ft.  above — ^that  every  evaporation  pan  must 
be  supplied  with  its  own  anemometer  wherever  evaporation  observations 
are  made,  whether  on  land  or  on  large  bodies  of  water. 

2. — That  pans  of  different  sizes  evaporate  at  different  rates^  and 

I    ;   ■    .      .1      1^1     I   ,     ,1  , .. 

•  Monthly  Weather  Review,  February  and  J  uly,  1910,  pp.  307  and  1188,  "  Studies  on  tl>e 
Fbedomeiia  of  the  EvaporAtion  of  Water  over  Lakes  and  ueservoirs." 
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these  r.ates  were.ioundto  Fary  approximately  as  the  expredsion,  0.023     Mir. 
(1.23)^,  whcn'e.n  has  the  foUlowihg  values: 

n  =  0  for  large  open-Water  isurfaces, 

n  =  1  f6r  6-ft.  pans, 

.    n  ==  2  for  4-ft.  pans,  .    , 

n  =;=  3  for  2-f t.  pan?, 

n  =  4  for  <jrdinary  dry  air.  ' 

This  variation  seems  to  be  due  to  the  bankiiig  up  of  tHe  vapor  on 
the  leeward  side  utider  the  action  of  the  wind,  and  because  the  small 
pan  clears  much  more  completely  of  vapor,  and  evaporation  takes  place 

into  a  mixture  of  air  of  different  contents  according  to  the  size  of  the 

'     *•       •       '     •  ■  '   '        '  • 

pails  and  the  f  orcp  of  the  wind. 

3. — The  formula  finally  suggested  by  Prof ess.or .  Big^low  is  .(c  9.  a. 

units):     '    '.        _  ,.'....    .        ,''".'.  ■    ,    *, 

E^  =  02^  ;^(1  H-  0.070  }¥)•;•• 

where  E^  =  Evaporation  in  24  hours  (one  day),  in  centimeters'; 
C,  ==  Goeflfcient,. found  to  be  0.188  <1.23)*; 
'«,  =r  Saijuration:  vapor  pressuie  at  t^mperattircJ  of  the  water 

surface,  designated  by  s;  ;    > 

e<|=:  Saturation   vapor   pressure  at   temperature   oi   the   dew 

point  in  th^  aiir  near  the  water; 
e     t=i  General' symbol* representing  vapor  pressure; 
E    =  General  symbol  representing  depth  of  evaporation ; 

—  =  Expression  for  the  gradient  (use  Crelle's  tabl^a).;     . 

.with  temperature^., f,  taken.    This:  quantity  is.';mer0ly 
.  the  tabular  diflEerencei  an.  ordinary;  .vapor  pressure  .tar 
bles   at.  th^   temperature   und^i;.  cansideration    (use 
iCapuAl.  Table  Y-^  ,  .       ..       ,      -- 
W  ==s  Wind  velocity,  in  kilometers  per;  hpu^v*.  - 

it  is  proposed  to  substitute  tliis  formula  for  that  how  in  gen'eraruse, 
which  was  pr6J)osed  by  Daltoh  in  1803  and  liiay  be  written  as  follows 
(same  notation) ;  ^ 

:   .    ..      :    .       ■  :   ^^'^(lei— .^^X(l +.a^.)v  • :    •  •    •  -      • 

etc  ,  ,  T 

where  t     =  time,  and  C  and  a  supposed  ,by .  constant  term^,  , 

or  j^tf  .=^  0.036  (1.2?) *•  (e$  —,ed)  dr+  0.070  1f)  u«iig  the  values 
.of  the  constants  deduce^  .from  thpse  (experiments  at 
Saltop.      ■ I    '   ■^,        
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KCr.  4. — ^That  water  in  pans  of  the  same  size  evaporates  at  the  same 

**•  rates  at  4  000  ft.  elevation  as  at  sea  level,  and  hence  the  formula  does 
not  contain  any  barometer  pressure  term. 

5. — The  recommended  formula  has  no  annual  period  in  the  0^ 
coefficient;  the  diurnal  period  is  very  small. 

6. — A  pan  of  very  fresh  water  was  allowed  to  evaporate  alongside 
a  pan  filled  with  brackish  Salton  Sea  water,  which  was  gradually 
concentrated  by  adding  water  from  the  sea.  from  November  to  May 
without  emptying  the  old  water..  The.  brackish  water ..evjaporated  a 
little  slower  than  the  fresh  water,  to  the  amount  o^  2%  in  April  and 
iiay. 

7. — 1?he  actual  fall  of  the  Salton  Sea  level  from  June  lat,  1909, 
to  June  1st,  19l0,  was  51  in.,  and  Professor  Bigelow  estimated  that 
the  rise  was  12  in.  due  to  inflow  from  the  Alamo  and  New  Rivers,  and 
there  werfe  6  in.  6f  accretions  from  annual  precipitation,  making  a 
total  gross  evaporation  of  69.0  in.  This  total  checked  with  results 
computed  by  formula  from  observed  data  necessary. 

8. — ^Practically,  it  was  the  conclusion  that  engineers  would  neces- 
sarily have  to  adopt  a  standard  pan  and  reduce  the  observed  readings 
to  the  open-water  surface,  as  eocplained  above.  Thus,  the  evaporation 
from  a  4'-ft,  standard  piftn,  when  corrected  for  temperature  and  wind, 
and  multiplied  by  0.66,  is  very  .dose  to  what  observation  suggests.  If 
a  water  thermometer  on  a  ^mall.raft  in  the  lake  measures  s^,  and  e^ 
and  e^  are  determined  by  using  a  sling  psychrometer,  through  t  and 
tg,  and  the  wind  velocity  hj  an  anemometer  as  n4ar  the  water  surface 
as  possible  is,.  "P^y  then  0  f=  0.138  for  a  24-hour  interval  In  the  for- 
mula, the  mean  values  taken  at  readings  made  about  6  a.  m.  and  2  p.  m. 
should  be  used. ' 

The  writer  has  checked  the  estimates  of  Professor  Bigelow  as  to 
the  inflbw^from  the  Alamo  aiid  New  Rivers,  and  the  ilicrease  due  to  the 
rainfall  and  run-off  from  the*  water-shed,  from  all  the  available  data 
(of  which  considerably  more  exist  now  than  when  Professor  Bigelow 
did  hia  "work).  It  is  known  that  "there  are  no  spriiigs  or  underground 
sources  of  supply  discharging  into  th4  basin,  because,  until  very  recent 
years,  the  sea  contained- no  water,  and  salt  beds  in  the  bottom  were 
regularly  mined,.  Th^  rainfall  is.  very  Ught»  consequjently  the  run-off 
is  small.  Prom  the  time  when,  .,the  Colorado  River  was  finally  re- 
diverted  (the  middle  of  February,  l90t)  to  date  is  6  years,. and  it 
seemed  to  the  writer  that  the  results  should  be  checked  to  obtain  an 
average  for  this  entire  period,'  rather  than  for  the  year  from  June  1st, 
1909,  to  June  1st,  1910,  whicji  was  taken  by  Professor  Bigelow. 

In  determining  the  inflow,  it  is  possible  to  utilize  the  sea  itself  as 
a  large  measuring  tank  in  which  tp  measure  the  combined  rainfall  on 
the  wiatfei?  surface  and  th^  riin-bff  from  the  drainage  area  due  to  rain- 
fall— ^proper  correction  being  made  for  the  regular  inflow  from  the 
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Alamo  and  New  Rivers — ^by  using  the  daily  gauge  heights  or  eleva-     Mr. 
tions  of  the  water  surface.  .  »obaoa. 

As  a  firsi  step  in  obtaining  the  average  evaporation  for  the  entire 
6-year  period,  the  difference  in.  elevation  of  the  water  surface  on  April 
1st,  1907,  and  April  1st,  1913,  was  found  to.be  26.10  ft,  . 

If,  theuj  (1)  the  total  precipitation  on  the  sea  itself,  plus  (2)  the 
total  run-off  into  the  sea,  plus  (3)  the  total  discharge  of  the  Alamo,  and 
New  Rivers  into  the  sea  for  the  same  period,  be  added  to  this  26.10 
ft.,  the  result  will  be  the  total  loss  due  to  evaporation— percolation  being 
considered  as  of  no  consequence. 

a. — The  writer  prepared  a  table  of  the .  rainfall  for  each  month  of 
each  year,  as  observed  at  Brawley,  Calexico,  Heber,  Imperial,  Mammoth, 
Mecca,  and  Saltop,,  ^all  these  ppints  being,  within  the  drainage  area  and 
fairly  well  distributed*  It  was  then  assumed  that  the  total  rainfall  at  all 
these  stations,  divided  by  the  number  of  stations,  would  give  a  fair 
average  of  the  precipitation  on  the  ^ea  itself.     The  total  thus  found  • 

for  the  e-jear  period  was  16.69  in.  or  1.38  ft. 

h. — A  table  was  then  made  showing  the  descreasein  elevation  of 
the  water  surface  for  each  month  of  the  period,  and  the  decrease 
for  each  month  was  cbiUpared  with  that  for  the  corresponding 
month  of  the  other  years^  It  was  found  that  the  decrease  in  one 
month  oomi>ared  very  closely  with  that  foi^  a  corresponding  month 
in  'another  year,  except  in  eases  of  unusual  rains  or  other  known 
causes.  Eliminating  these  months> ,  a.  total  wa^  then  made  of  tl^se 
remaining,  and  the  result  was  divided  by  the  number  of  months  com- 
prising the  sum.  The  average  thus  found  was  assumed  to  be  the 
normal  average  decrease  for  that  month.  Sufficient  amounts,  corrected 
for  excessive"  railif alls*  on  the  sea  itself,  were  iadded  to  bring  the'  elim- 
inated inoiiths  up  to  the  average,  and  these  additions  Were  considered 
as  the  run-off  or  inflow  due  to  precipitation.  This  total  was  15.00  in., 
or  1.25  ft.,  for  the '6-year  period.  ^The  results  obtained  by  this  method 
were  checked  by  examination  of  the  daily  precipitatioii  records  for 
these  various  Weather  Bureau  Stations.  In  such  desert  country, 
where  the  rainfall  is  scant,  that  which  does  occur  is  frequently  in 
intense  storms  or  in  local  tiloudbtirsts.  Monthly  records,  therefore, 
are  of  little  value  as  indicating  the  pi^obablie  run-off,  and  each  storm 
at  each  observation  station  must  be  considered,  instead  of  the  monthly 
totals.  Only  two  or  three  heavy  precipitations  extending  over  the 
entire  water-shed  ^  oeiQurred  during  the  6  years,  the  heavy  rainfalls 
usually  being  rather  local  in  character,  and  in  the  nature  of  cloud- 
bursts. The  total  number  of  such  heavy  precipitations  throughout  the 
period  at  all  these  Btaliiops,  however,  was  surprisingly  small,  and  the 
daily  gauge  heights  of  the  sea  surface  for  several  days  was  carefully 
examined  in  connection  with  each  of  these  heavy  rains.  In  this  way 
a  very  good  check  was  obtained  on  the  foregoing  method  of  deter- 
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Mr.     mining  the  total  inflow  into  the  basin  from  its  water-shed — exclusive 
^  '  of  the  New  and  Alamo  Rivers. 

c, — The  discharge  of  the  Alamo  and  New  Rivers  has  been  observed, 
and  a  rating  curve  has  been  applied  only  for  a  period  from  June, 
1909,  to  October,  1910.  Based  on  the  records  published  in  Water 
Supply  Paper  No.  300,  and  from  information  kindly  given  to  the 
writer  by  Mr.  Cory  from  his  personal  records,  the  following  rises  in 
the  elevation  of  the  lake  surface  have  been  determined,  arid  are  be- 
lieved to  be  very"  close  to  the  truth. 

To  January  1st,  1908 ........  0.62  ft. 

From  January  1st,  1908,  to  January  1st,  ld09..  0.65  " 
"  "         "   1909    "  "  "     1910.  .0.618    " 

"  "         "   1910    "  «  "    1911..  0.71   " 

"  "         «   1911    "  «  ,       *'  .1912..  0.75    « 

"  "         "   1912    "  "  "  .1913..  0.78    " 


* 


Total 4.19  ft. 

To  sum  up,  then,  the  evaporation  has  been  as  follows : 

Loss  in  elevation  of  lake,  as  shown  by  gauge  heights. .. .  26.10  ft. 

.   (1)  Total  rainfall  on  lake  surface, -.....,, 1.38  ." 

.  (2).  Total  run-oipf  from  rainfall ^...     1.25:  "     : 

(3)  Total  discharge  from  Alamo  and  New  Rivers. . . .  *. .  .  4.19   " 

.    *  '  *  f        ■ 

Total  evaporation;  April  Ist,  11&07,  to  April  1st,  1913 32.92'  ft. 

or  a  yearly  average  of i ......'....,,.. 5.58  ft. 

or 67.02  in. 

as  compared  with  69.0  in.,  the  total  gross  evf^porf^tion  found  and  es- 
timated by  Professor  Bigelow  for  the  l-year  period,  June  1^,  1909, 
to  June  Ist,  1910. 

Table  31,  containing  observed  data,  at  Salton  Sea,  is  takjen  from 
"Abstract  of  Data,. No.  4,"  by  Profeesor  Bigelow,  referred  to  pi^^vjiottsly. 
Th^  figures  for  Nos.  1,  2,  3,  and  4,;  for  March,  April,  May,  and  June^ 
were  interpolated  from  curves  plotted  from  records, of  pr^vio.us  yeareu 
and  found  by  experience  to  give  dose  results... 

.  At  the  stations  outsid^  of  the  yapor  sheet,  at  which  9b8|ervi^ti<uiB 
were  taken,  for  a  6-ft.  pan  on  the  ground,  the  total  e^vaporation  ob- 
served was: 

Indio   119.83  in. 

Mecca    ..,....; 107:81  " 

Brawley    .. . ;  103.&5  ^ 

Mammoth   .......... i. 126i6a-  ** 

Total ......:...  456;22    in. 

Average  ...;.....:.  114.055   *< 
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Kobsoo      '^^®  total  evaporation,  as  determined  by  the  writer,  was  67.02  in. 

*  Hence  the  coefficient  to  be  used  in  converting  the  observations  from  a 

6-ft.  pan  on  the  ground  outside  the  vapor  sheet,  and  in  a  desert  country, 

67 .  02 
to  the  total  loss  from  a  large  water  surface,  seems  to  be  . .  .'     ^, or 0.69, 

114.050 

or,  say,  0.6. 
Mr.  Andrew  M.  Chafpey,  Esq.  (by  letter). — Careful  reading  of  Mr. 

^'  Cory's  paper  leaves  the  agreeable  impression  that  he  has  sought  to  be 
fair  and  unprejudiced  in  handling  a  very  complicated  subject.  Two 
other  publications  dealing  with  the  Imperial  Valley  project  have  ap- 
peared, one  mentioned  by  the  author*,  and  anotherf  consisting  of  short 
monographs  by  settlers,  promoters,  etc.^  gotten  out  by  E.  F.  Howe, 
editor  of  the  Imperial  Valley  Press.  Both  are  rambling  sketches, 
rather  than  histories,  unsystematic,  full  of  ipaccuracies,  and  partisan 
and  misleading  statements,  and  hence  untrustworthy  and  unsatisfactory. 
Mr.  Cory's  paper,  therefore,  is  to  be  regarded  as  the  first  serious 
history  of  Imperial  Valley,  and  wiU  unquestionably  be  heavily  drawn 
on  by  future  writers.  It  is  most  fortunate,  therefore,  that  it  is  being 
fully  discussed,  its  inaccuracies  pointed  out,  its  engineering  and 
historical  matter  supplemented  by  those  qualified  to  do  so,  and,  more 
particularly  even,  that  several  of  the  facts  brought  out  by  the  author 
may  be  gathered  together  so  that  the  reader  interested  in  details  may 
not  fail  to  catch  their  true  significance. 

The  writer  was  associated  with  his  father,  Mr.  George  Chaffey, 
in  the  management  of  the  project  from  April,  1900,  to  Fdbruary,  1902, 
and,  for  more  than  twelve  years,  has  been  collecting  original  documents 
and  data  relating  to  Imperial  Valley.  To  these,  doubtless  much  the 
most  complete  in  existence,  the  author,  unfortunately,  did  not  have 
access,  due  to  the  fact  that,  curiously  enough,  he  and  the  writer  did 
not  become  acquainted  until  after  the  appearance  of  this  paper. 

On  page  1251  the  author  states  that  the  first  practical  step  toward 
the  irrigation  of  the  Colorado  Desert  was  the  incorporation  of  the 
California  Development  Company  in  1896.  The  writer  feels  that  this 
is  exceedingly  misleading.  Incorporating  a  company  with  large  capi- 
tal stock,  appropriating  vast  quantities  of  water,  by  posting  no- 
tices and  recording  the  same,  all  at  most  nominal  cost,  acquiring 
options  for  small  cash  payments,  getting  out  reports  setting  forth  the 
merits  of  a  project,  and  hawking  the  scheme  about  in  financial  centers, 
cannot  rightly  be  considered  as  "practical  steps"  toward  carrying  out 
any  enterprise.  It  is  just  this  sort  of  "shoe  string"  promotion  which 
Mr.  Mead  doubtless  had  in  mind  when  writing  his  discussion  'on  this 
paper  (page  1509)  and  pointing  out  the  folly  of  letting  irresponsible 


*  *'  Born  ot  the  Desert,*'  by  C.  R.  Rockwood,  1909rlO. 
t  "  The  First  Decade,''  Imperial,  1910-11. 
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companies  go  ahead  without  any  public  supervision  WhatsoefVer.  On  the  Mr. 
C(»itrary,  the  first  'practical  step"  was  taken  when  Mr.  George  Ohaffey  ^^' 
signed  the  eontrdct  (April  3d,  1900)  to  build  oanals  into  Imperial 
Yalley.  Many  readers  of  the  pap^r  will  undoubtedly  get  the  impression 
from  it  that  the  California  Development  Company  was  at  such  time  a 
going  concern^  and  that  its  promoters  had  already  produced  tangible 
results.  As  a  matter  of  fact,  though  it  had  been  in  existence  nearly 
four  years,  it  had  as  assets  the  two -options  on  land— one  in  Mexico 
and  one  in  Oalifomia — ^mentioned  by  the  authotr,  as  to  each  of  whidi 
the  Company  was  in  default,  and  an  idea,  a  project  of  large  and  at- 
tractive proporticois  <m.  which  not  one  shovelful  of  earth  httd  been 
turzred,  and  toward  the  jconsummatioii  of  which  not  one  aiaagle  praetioal 
step  had  been  tdcen.  Its  obligations,  aside  from  its  capital  stock, 
were  various  debts>  aggregating  a  considerable  sum«  and  $850  000  worth 
of  what  was  called  -land  scrip — ^issued  prior  to,  1900  at  10  c^ts  x>n  the 
dollar  and  diss^ipat^d  in  promotion .  exi)en^e0 — ^which  w^b  retired  at 
face  value  in  cash  or  in  exchange  for  water  stock  of  the' various  Mutual 
Water  Companies  at  market  price  at  the,  most  inopportune  time^ 
namely,  jus]t  before  the.;  water  distributing  system  was  completed  in  th^ 
valley. 

.  The  contract,  recited  that  the  California  Development  Company 
owned,  through  a  subsidiary  Mexicaix  Company,  100  000  acres  of  Jand 
in.  Mexico  through  which  the  canal  must  run.  But  for  tjiis  represents,* 
tion  (which  turned  out  to  be  untrue)  the.  contract  would  assuredly 
not  have  been  made.  The  idea,  in  reality  was  free  to.  Mr.  Chaffey,  pj^ 
to  any  one  else  for  that  matter.  Indeed,  Mr.  Ohaffey,  at  the  request 
of  Dr.  Wozencraft,  had  considered  the  proposition  in  the  early  Eighties, 
before  the  later  promoters  had  even  heard'  of.  it. 

To  say,,  therefore,,  that  at  this  date  (April,  1900)  there  was  a 
"practical  change  of  management,"  that  the  engineering  policy  changed, 
or  that  "original  plans  were  not  carried  o.ut,"  is  to  create  an  absolutely 
erroneous  impression.    To  quote  Mr.  Chaffey  himself : 

"I  saw  a  way  to  accomplish  the  object  with  the  means  at  my  com- 
mand by  disregarding  the  Rockwood  Survey  altogether,  adopting  an- 
other line  by  which  the  bank  of  the  canal  would  T^e  made  to  serve  as  a 
levee  to  prevent  the  flood  waters  of  the  Colorado  from  finding  their 
way  into  the  Alamo,  and  utilizing  many  miles  of  that  natural  channel 
for  the  main  canal." 

This  contract  of  April  3d,  1900,  provided  that  Mr.  Chaffey  was  to 
construct*  such  canals  as  were  necessary  for  the  purpose  of  taking  water 
from  the  Colorado  River  just  above  the  Mexican  boundary  line  to 
where  the  central  main  canal  intersects  the  same  boundary  line  ill 
Imperial  Valley,  "said  canals  to  have  a  capacity  auflScient  to  deliver 
four  hundred  thousand  acte-feet  of  water  per  annum  at  said  last^ 
named  point";  that  no  more  money  should  be  expended  "than  is  neoes- 
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Mr.  saryin  auch  construction'';  that  the  conatmction  cost  of  such  canals 
should  not  exceed  $150  000 ;  that  such  construction  was  to  be  ''at  actual 
cost  to  first  party" ;  that  Mr.  ChafFey  was  to  receive  $12  000  per  annum 
salary  for  five  years,  payable  when  the  Company  was  able  to  pay.  it, 
and  one^quarter  of  the  Company's  capital  stock;  and  that  he  should 
have  diarge  of  the  Company's  finances  as  well  as  its  engineering  works 
during  that  period. 

It  is  felt  that  the  foregoing  abstract  of  this  contract  will  suffice  to 
indicate  clearly  its  fairness,  to  say  the  least,  to  the  Company.  • 

From  this  date  until  the  contract  was  terminated — ^April  3d,  1900; 
to  February^  1902 — Mr.  George  Chaffey  and  associates  furnished  the 
necessary  money^  and,  dividing  the  engineering  responsibility  with  nO 
otiier  person,  designed  and  built  the  diversion  works  and  located  and 
constructed  the  main  canal — including  the  Central  Main  west  of 
Sharps  Heading  and  in  the  United  States — ^as  it  exists  to-day.  During 
this  period  he  was  assisted  iri  the  business  management,  in  planning 
the  system  of  Mutual  Water  Companies — ^which  system,  by  the  way^ 
the  author  to  the  contrary  notwithstanding,  the  California  Supreme 
Court,  in  the  case  of  Thayer  vs.  California  Development  Company, 
has  recently  not  only  held  to  be  legal,  but  has  highly  commended — 
and  in  making  the  tri-party  contracts,  by  the  writer  and  by  Messrs. 
L.  M.  Holt  (who  with  Mr.  Chaffey  evolved  in  1881  the  first  Mutual 
Water  Company  ever  incorporated,  at  Eti Wanda,  Cal.)j  N.  W.  Stowell 
(who  was  the  fireft  to  introduce  concrete  water  conduits  to  irrigation 
construction  in  California  in  1878,  and  who  had  large  iexperience  with 
irrigation  works),  aiid  J.  W.  Swanwick,  who  was  largely  responsible 
'  for  the  tri-party  contracts.     , 

A  great  deal  has  been  stated  in  the  public  press  and  in  governmental 
reports — and  Mr.  Mead  In  his  discussion  (p.  1609)  might  easily  be 
understood  by  the  careless  reader  as  coinciding  therewith — condemning 
the  California  Development  Company  as  an  irresponsible  corporation 
at  all  times  prior  to  the  Southern  Pacific.  Company's  taking  over  the 
maniageihent  in  June,  1905.  This  was  far  from  being  true  during 
the  period  when  Mr.  Chaffey  was  directing  its  affairs — ^April,  1900,  to 
February,  1902.  The  men  just  inentioned  were  those  he  associated 
with  him;  all  except  the  writer  were  unusually  experienced  in  the 
different  phases  of  irrigation  work  and  development,  and  financially 
able .  to  build  the  canal.  Mr.  Chaffey  himself  was  a  man  of  wide 
experience  gained  in  the  practice  of  his  profession  of  Civil  and 
Mechanical  Engineer.  Best  known  as  the  founder  of  Ontario,  CaL 
(1888)j  he  had  founded  Etiwanda,  Cal.  (1881),  and  had  developed 
the  irrigation  systems  in  both  places  to  such  a  state  that  i^e  visit  of 
a  Koyal  Commission  from  Australia  in  1885,  resulted  in  his  proceeding 
with  his  brother  to  that  country  and  establishing  the  irrigation  dis- 
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triet0  of  Mildusa  ajid  Remnark,  both  at  tiiis;  time  populous  and  pio6-  pJSf 
porous  cojnknunities,  conceded. by  all  public  men  to.be  ^S;he  great  object 
lesson  'in :  irrigation  for  the  rest  of  Australia/'  In  1882  Mr.  Ghaffey 
prodi;iee|d.  tibe  first,  electric  current  (generated  by  water-power)  in 
Southern  California,  and  in  1884  lighted  the  Gity  of  Los  Angeles  with 
^lectrii^ity.  A  large  number  of  the  first  settlers  in  the  Imperial  Valley 
wea*e>. actually  from  Etiwanda  aind  Ontario;  all  were  experienced  irri-. 
gationiflis^  and  it  is  safe  to  say' that:  90%  of  them  made  their  purchases 
because  they  personally  knew  of  Mr.  Chaff ey's  previous  successes. 

.  Tlu$  writer,,  of  oourse,  agrees  with  Mi-  Mead  that  the  -State  or 
Nation  should  protect  settlers:  on  andinrestora  in  irrigation  projects, 
esamono  and. approve,  engineering  plans,  etc./  etc;^  and  especially  he 
agrees  with  his  comments  regarding  water  right  laws,  the  unf  orti:tnate 
condttiotk  of  which  is  responsihle  for  most  of  the  financial  disasters 
which  have,  overtaken  irrigation  enterprises  iii  the  West,  and  of  wiiicL 
tibie  : Calif omiti.  Development  Company  is,  perhaps,  the  most  notable 
sample.  .At  the  same  time,  it. must  be  admitted  that  the  greatest-  and 
most  rapid  ijfrigation  development  the  world  has  known  is  that  respond' 
siUefor  what  is  known  as  Southern  .California,  and  the  Government-^ 
State  and  National — in  no  wise  helped  and  not  aeldom  added  severe 
bandioaps.  It . is  soi«ietime!9 : said : that  Southern  Calif omia  has* been 
built, on  "shoe-strings"-— certainly,  many  of  its •  most  succestffiil  enter- 
prisj^s  have  be^n  started  with  inadequate  capital,  on  confidence  in  the 
proponent's  regouinsef ulness.  .  Under  such  .conditions,  peoplo  are.'^ve 
wires"  to  a»  4egree  beypnd;tbe  comprehension: of  officials  and  en4)loyee8 
of  ppwarful.  corporations  and  of  the  State  and  Natidnal  Governmeirts. 
Much  of  the  resentment  towai^d,  and  oftekit  unfair  critidsm  of,  the  IT.  S: 
BecJlamationSeryic^^  by  ownets.  and  officials -of,,  aiid  settlers  under, 
private  irrigation  undeirtl^kings  hlid  its  beginnings  iil  the  attitude  of 
tlipsjei  whp  never  need  to  consider  for  an  .instant  financial  arrangements, 
disQounting  securities,  etc.,  toward  ."flijnsy"  work  and  the  twists  and 
tvirns.of  men  driven  to  their  wits'  end.  when  doing  things,  with  insuffit 
ci^^t.  capital..  It, is  weU,exiough;to  say  "Don't  try  them  if  you  cailnot 
get  oAougJi.  money  to  insure  success."  Su<3h  a  policy  would  undoubt- 
edly prevent  not  a  few;  failures;  but,  on  the  other  hand,  by  it  the  South- 
ern California  of  to-day  would  not  haye  been  for  decades  to  come. 

The  Iiafiperial.y alley  is  possibly^  the  most  striking  example  of  this. 
In.  the  first .place»  if  tho  .soil  had  been. first. ^examined  by  Goyemmeni 
experts,  instead  of  by  practios^l  farmers,  the  proj.ect;  would  have  been 
condemned  inioto,  and  the,  region  still. ;original  desert. .  Next,  work 
lyas  be^un  with  small  capital  in.  ha9d,.  and  in  .10.  months'  time; 
and  At. the  cost, of  less  than  i$100 000,  Mr.'  Chaffey  put  water  into. the 
burning  desert  60  miles  away  from  the  Colorado  River,  and  along  line$# 
engineering,  legal,  and  financial^  which  experience  shows  would  have 
meant  large  success  to  all.  (had .  tibe '  (Jbvernment  only  tj&pt  its.  handi^ 
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Mr.  off),  and  by  doiog  so  realized  the  Tisicms  of  the  dieameTS  and  the  hopes 
^*'""^*  of  the  promoters  who  for  half  a  centuiy  had  dreamed  and  promoted, 
and  accomplished  nothing.  In  less  than  2  years,  the  Imperial  Maiii 
Canal,  essentially  as  it  is  to«day-*-«xcept  the  $750(K)  head~gatd  at 
Andrade — and  more  than  400  miles  of  difitnbntinsr  ditches,  were  <^om- 
pkted  and  the  water  was 'ready  to  tnm  on  to  100^000  acres  of  land, 
at  a  cost  to  the  settlers  averaging  les^  liian  $10  an  acre;  and  the  capital 
at  hand  was  less  than  the  promoters  had  expended  in  the  hitherto  vain 
effort  to  get  started. 

In  contrast  is  the  Government  Ymna  Project,  wi^  nnliinited 
capital:  $3  000  000  initial  appropriation  and  move  than  $3  000  000 
later;  time,  8  years;  acreage,  100000;  cost,  $70  per  acre;  bitter  disap^ 
pointment  and  heavy  loss  to  settlers  relying  on  Government  estimates 
as  to  money,  and,  more  particularly,  time  required  to  complete  the  work. 
As  a  part  of  the  Yunui  iPiroject,  Imperial  Valley  would  now  be  in  ex- 
actly the  state  it  actually  was  in  1902^^-eleven  years  ago-^-as  f  ilr  as 
development  is  concerned.  :In  the  meantime,  in  ld05,  it  Was  sending 
out  $5  000  000  worth  of  products,  and  at  present  more  t^an  $10000000 
worth.  The  gain  in  time  has  more  than  paid  aUth^ -real  damage 
per  86  done  by  the  runaway  river^ 

As  the  author  has  pointed  out^  this  misfortune  would  never  have 
occurred  had  it  not  been  for  numerous  tmnecessary  and  inexcusable 
obstacles.  For  some  of  these  there  iis- possibly  some  excuse,  or  at  least 
explanation,  but  the  soil  surv^  and  report  was  the  motit  dieastibus 
and  inexcusable  of  aU.  The  space  devoted  to  it  by  the  authoi^  in  his 
paper,  is  out  of  all  proportion  small  compared  to  its  signi&Qance;  and 
the  facts  about  it  should  be  elaborated  sonvewhat. 

As  stated  by  the  author,  a  few-  samples'  of  soil  from  this  re^oH  were 
analyzed  in  1893  by  the  Director  of  the  Calif omia  Experiment  Sta- 
tion, University  of  California,  Prof essor  fiilgard,  and  agaiii  in  1896-97, 
and  also  in  1900;  when  the  Imperial  Land  Company  be^n  active 
work.  In  the  summer  of  1901,  the  Bureau  of  Soils,  If.  S.  Department 
of  Agriculture,  requested  the  co-(^)eration  of  the  promotion  compaiiifes 
in  making  a  study  of  and  report  on  the  soils  of  the  Imperial  Valley. 
This  was  gladly  given,  and,  on  October  17th,  Mr.  J.  Gamett  Holmes, 
of  the  Bureau  staff,  arrived  and  began  work.  Later,  his  immediate 
superior,  Thomas  H.  Means,  M.  Am.  Soo.  C.  E.,  and  others  of  the 
Bureau,  joined  him,  and  on  December  20th  (in  63  days)  the  field  worii 
was  completed.  •  It  took  only  3  weeks  (January  10th,  1902)  to  is&ue 
a  preliminary  report,  "Circulat  No.  9,"  covering  the  169  sq;  miles  of 
territory  which  had  been  examined.  Before  this  circular  reached 
California,  an  Associated  Press  dispatch  from  Washington  advised 
that: 

"The  condition  of  soils  in  the  Colprado  Desert  in  San  Diego 
County,  as' disclosed  by  a  siitvey  just  completed  by  the  Agricultural 
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Department  in  the  vicinity  of  the  net^  irrigation.  pla:at  at -Ixuperial^     Ux, 
is  reported  to  be  fmuch.more  serious  than  was  c^nti^jipatpd.'     This  is  ^^P^^y- 
the.  expre^ion  ueed  by  Milton  Whitney,  Ohiof  of  the  Bureau  of  Soils,, 
in  a  preliminary  bulletin  which  he  has  deemed  best  to  issue  by  way. 
of  warning." 

This  refers  to  the  report  whifch  the  authoi*  says  was  "unfavorable, 
*  *  *  and  calculated  to  deter.sensible, people  from  settling  in  the 
region."  This  is  a  more  than  conservative  way  to  put  this  matter, 
as  is  shown  by  the  single  extract— by  bo  jmiaaBs  the  sttopgeat  of  m^j^ — 
which  the  author  quotes  on  page  1271. 

Ill  1903  the  U.  S.  Department :  of  Agriculturei,  Bureau  of  Sails, 
issued  the  ^Soil  Survey  of  the  Iniperial  Ar^a,  Galilomia  (Extending 
the  Survey  of  1901),  Advance  :She6td  of  Field  Operations  of  the 
Bureau  of  Soils;  1908.^'  This  docuxaent,  under  the  head  of  ^Tresent 
and  Prospective  Development,?,  on  pagei  31,  mi^es  the  sta;tement : 

^^The  sole  dependence  of  the.'peopi&of  the  Impeiial.Areamudt' al- 
ways be  agriculture.  *  -^  i*  The  'soutce  of  wealth,  therefore;  is 
limited  to  the  soil,  and  to  a  greater  iaztent  than  in'  almost  any  othei? 
part  of  th6  country.  Thus  the  problem  confronting  at.  least  a  part  of 
the  fanners  in  most  firid  regiotis  is  here-^where  alkali  is  so  generally 
distributed  in  the  Soils  and  the  conditions  So  unfavorable  to  reclBma- 
tibn— about  ai^  serious  as  it  could  weU  be. 


I 


"The  people  of  the  Imperial  country  should  recognize  the  fact  that 
aside  from  the  general  problem  of  securing  water  for  irrigation  they 
have  to  solve  perhaps  this  most  Serious  agridultural  problem  of  the  arid 
West.  Here  is  fcfund"  a  tnbst  retftactoiy  soil,  much  of 'it  impregnated 
with  alkiali.  The  only  :way  td  benefit  .the  land  is  to  cajary  away  th^ 
salts.  The:  application  of  gypsum  oannotrbe  of  the.  slightpst  benefit. 
Little  or  no  benefit  will  be  derived  from  yunninp  water  across  the  land 
with  the  expectation  of  flushing  the  alkali  on  the  surface.  ♦  *  * 
The  water  must  pass  through,  the  soil  and  find  ready  egress  through 
naturaV  or  artificial  drainage  ways.  •     '    •  ■ 

^^he  quantity  df  salt  taken  out  of  lliesoil  by  alkali^resistant  crops^' 
such  acs  sbijghTon  and  sugar  beets,  iS>  not  aptnreoiable,  the^  benefit  to  the 
soil  in  :6uph  eas^  resulting  mainly  from,  the  prevention :  of  eyfippra- 
tion  at  th?  surface  through  cultivation  apd  f rpm  the  leaching  of  the 
salts  into  the  subsoil  by  irrigation  water.  If  the  subsoil  be  practically' 
free  from  salt,  as  is  often  the  case  iil  arid  regiolis,  this  vertical '  dis- 
tribution of  the  salts  alone  is  of  teti  all  that  is  necessary  so  to  redaim- 
the  soil  that:  sensitive  crops  can  be  grown..  But  it  has  been  shown-  that 
IB  the  Colorado  desert  th^:  subsoil  is  the  greiatest  sdurce  .of  dang^,  sp. 
that;  every  bit  of  salt  removed  should  be  permanently  removed.  *  *  * 
By  far  the  greater  extent  of  the  goil  of  the  valley  is  a  sticky,  plastic 
loam  6r  iclair,  through  which  water  pasises  very  slowly.  The  natural 
drainage  in  the  soil  itself  is  very  poor,  and  to  be  Anything  like  llde^uate 
it  must  be  supplemented  by  art^cial  drains  to  carry  off  the  gifound 
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atr.     water  ftS'tHe  ^dts  are  washed  down  from  the  duTfaee.    ♦    ♦    ♦    Tile 
Chaffdjr.  (Jrahis  are  the  best  and  in  the  end  the  most  economical  for  draining 
the  land.     They  are,  however,  expensive,   and  the  question  is,   will 
ft' pay!   *  .       ; 

*  ♦  ♦  ♦  ♦    ,  *  ♦         . 

"That  it  will  eventually  pay  to  drain  these  lands  there  ca»  be  little 
doubt,  but  in  the  present  state  of  the  country  concerted  section  will  be 
diffi<?ult  and  individual  effort  futile." 

In  February;  1902/ the  University  of  California,  College  of  Agri- 
culture Experiment  Station,  issued 'Bulletin  No.  140,  ^titled  "liands 
c^the  Colorado  Delta  in  the  Salton  Basin^'.'  This  btdletin  gave  essen- 
tially the  sanie  results  of  soil  analyses,  but  was  much  more  careful 
in  its  comments^  and>  ^  pages  60  and  51  gave' crop  reports  from  actual 
^ttlers  which  were  excellent^  It  also  stated,  after  giring  a  list  of.  native 
plants  from  the  Salton  Basing  on  page. 44,  as  follows:   ' 

:  "The  list  of  plants  -here  giveti  is  notable  for  the  absenoa  of  inost 
of  the  species,  considered  elsewhere  as  prominent .  alkali .  indiisatorpu. 
Wie  miss  at  oncie  the  salt — or  alkali^ — grass  (DistictJUs) ;  the  'Grease- 
wood'  of.  Nevflda  {Sarcohatu^)  and  that  of  the  San  Joaquin  Valley 
(Allenralfea) ;  the  samphire  iStdisoomea} ;  and  the  .  tussQck-grass 
(Sporoholtis  aripids)  *  *  *.  But  as  a  whole  the  collection  made 
does  not  speak  of  irreclaimable'  alkali  land- so  far  ^s  we  know  their, 
habits,  f  *  *  .Taken  as  a  whole,  the  native  vegetation  does  not  alto- 
gether confirm  the  unfavorable  impression  derived  from  the  leaching  of 
the  soil  samples." . 

•        *  »  •  •  •  • 

In  addition  to.  these  soil  reports,  in  January,  1902,  several  inter- 
views, written  up  in  a  sensational  manner,  appeared  in  the  daily  papers 
in  California,  practically  condemning  the  Valley  and  virtually  warn- 
ing investors  and  settlers  from  the  field.  These  were  iAie  most  disastrous- 
of  all  in  their  effect  on  the  enterprise. 

1  Experience  has  prpved  that  these  reports  were  fundamentally  wrong 
in  their  conclusions,  as  less  than  one-half  oi  X%  of.  tjie  landjs  brought 
under  cultivation  has  failed  to  produoe  most  satisfactory,  indeed, 
phenomenal  crops..  Nevertheleto,-  the  Government's  :puhlieatipns  were 
such ;  that-  tjhe  author's  $tatement :  "It  seems  certain  that;  had  the 
territory  not  beeii .  already  .sisttled  in' very  large  measure  ytrhen  these 
repprt^s  were  sent  out.  Imperial  Valley  would  yet  be  ^nreclaimed"' 
(pa^  1271),  is  undoubtedly  absolutely  true. 

^.  The  author  is  in  error  on.  page  1264' in  referring- to  the  elevation 
of  the  bottom  6f  the  Chaffey  head-gate.  This  structure'  Wfts  started* 
in  March,  1901,  and  work  was  rushed  as  rapidly  as  possible.  When 
completed,. its  floor  lyas  3  ft.  below  .the  river  bpttonfi,\^nd,  to  mal^e.  the. 
gate  more  se^ur?j.thr€>?  2by  Ig-^in.  sand-hpards, were  put.  op  the.  toe. of 
tiie  A-'fraiiie,'  to  ,be.  r^noved.  when  the  sand  .'and  siltbeeame  :  settled* 


DlSCUSeiOir  on  IRBIGATIOK  Aim  HIVER  GONTBOt^  1531 

around  the  .structure;  itherewfta  no  necessity  for  feanotihg  tbeitt  ^hlfe  Mr: 
Mr.  Chaff ey  wjas,-  dureeting  affairs,  and,  later  everybody  apparently  ^**^**y' 
forgot  about  them  and- they  were  never  takeiiiouti  the  idea  thus  obtain* 
ing.that  the  floor,  of.  the  gate  was'at  the  top  of  the  «and-boflrdd  when 
in  reality  it  was  muoh-  lower,  and  as  low  as  it  was.possibld  to  place-  it 
that  -season.  Working  at  high  pressuite  against  a  rapidly  rising  river; 
the  head-gate  was  finished,  and  Mr.  Chaff ey  himself  turned  the  water 
through  it  an  May  l4th^  1901. 

Before  leaving  this. subjecti  arid  in  view  of  the  controversy  that  has 
raged  xegardilag  the  necessity  of  the  fatal  cut  in  Mejdco  (made  more 
than  2  years  after  Mat:  Chaffeyhad  sevei^ed  his  coxmectioii  with  thfe 
•Company),. jkt  is  interesting  t6  udite^  ficnn  Ooveamment  records,  that  th^ 
old  Imperial  Canal,.,  froni  the  old- intake^*  carried' throughout  the  Bwn* 
mar  o^ld04  anxi  until  October^  1904,  when  the*  Mexii%in>  Intake  waEf  cuti 
more  watec •  than  ever- bflf ore^ 'and  quite  enough-  to ' supply ' the  U8€a*&  in 
Imperial- [¥aU^.*:  ".•''  ■••••.=^.  -  •  m-:'-----.:   •■.; -vl    .-•  J 

The  .author's  statem^s^t  (pu  .1255):  that  the'  initial  pdce.eha^g^d 
for  water  stock  wag:. $5^75/ ifl'misletidibig.  Thosevwho 'purchased  duting 
tba  x)on9tTM<(^t^  ^^^odw^^e^gitfea: bonds  >ef.thB.;Galif^ 
mf^t  Oooa^fmny  efquiLt  m  -amouilts  td  their  finiiial  •  paonments^/beari^ig 
$%.  interest  and  acceptable  at  their  faceiivaluefor.tha  last  dikstaEois^ 
on  : theiz  Botes.  Hei^cc^  Oboe^i  payixfg  #3^00-  cash  -  tm^  thmr  water  •  stp^ 
pur<shas(es  got  ,Wfite?r  tights  at;  <(5;TS^  pet  acre*'  Oaoly  .$80060!,!.  par 
value,  of  ]^m  hondsy  were ;  thu9^  giVeq  out  f  to .  ;water  stofek:  purehaders  da 
t9:tal.  9ales;  o.f.;50000  .sharefii:in,Imperi$li  Water  Coihpani^Hos.  1.  and 
4^  the  settleora  <?omiing  i^  having  sq  little^  icaslx  and  speeulaf ors:  so .  little 
faith  .  th^t .  ,they  cduid .  not;  or  Would  not  ta&e  full  advantage  i  of :  th* 
opportunity,. offered.  ,<!,<.       ,  ..\.     •.  / . 

The  author  is  again  in  error  as  to  the  reasows  for.^e  tern^ination 
of  the  fiye-y.ear  construction .  contract ,  between  Mr*; :  phaffey  and; '  the 
Califoimia .  development  ;Companyi :  It  was  |iot  becfiuae  ithe^.f pwn^r  w.as 
f i^ightened; .out  byr.th^  soil  reports^  but  l^ecau^e  it  w*8  found  that  .tb^ 
pow^r.-of.  a^torpey.tarvpt^,  for.  five. y^a^cs,. .stpoki  whicl^,  .with.  Jiis.qwu, 
conatitutpd  a,  m^io^ity  aftd  cqntrolj.  w^s  fgund  ii^effeqtivo  on,  accoimt 
of , th^Mpertificates. , not  •  hifivijag-  ^J^en.  j  axstual^y  4;i|it^i^Bd .  over. .  Success,  had 
bpen  ac}xieyed  a^c}  i^egie.  shfo^e^ .  .of  ^pl^  ))pg-i|n  coming  in  fqr  transfer. 
It  becaii^e  a  noat^r  p^  bw.pr  seU,.an<^,.tlie  .original  iprpmpjber'S'id^ 
of:  valui^, w^s ,  ^eemed  to  be^  top  jn^^tpd,  s.q.  Mi:.  Cbaffey ,  inade  the . bi^t 
tprmija.  possible, f 9?  ]:ua;h<[?Wi»^:.W3i<i:,:With^       ip.  JFebru,ai?gr#-;  1?P.2. 

,  Thie  ,ftutl;^r's\putUne  ,pf  vthe.  D^anlfliyest^^    QomiSt^tiy' aiid  i:ta 
ftcftivities  i^  al«ip.ii^isl^a4ing,  ^»4..  i^^rSfJm^;  respepts  entiTpJy  .e?roBepUe> 


late 
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jur.  The  facts  are  that  in  the  fall  of  1901  it  became  apfparent  that  the  sales 
CSrtffey.  Qf  ^ater  stock  tir<oukl  not  J)rpduce  sufficient  money  for  the  work  that 
must  be  done*  and  Hr.  Heber  organised  the  Dislta  Investment  Com* 
pany  in  the  hope  that  by  giving  it  a  favorable  oontrad;  to  purchase 
the  bonds  and  mortgage  notes  of  the  Califomi&  Deveifepment  Company, 
outside  capital  could  be  attracted  to  the  new  company.  The  Delta 
Investmait  Company  was  launched  with  the-  consent  and.  ap|)r(^al 
of  those  owning  or  representing  all  the. stock  of  the  Calif oomia  Develop* 
ment  Company.  By  the  terms  of  this  contract,  the  Delta  Investment 
Company  agreed  to  purchase  bonds  and  notes  from  the  CaHfomia 
Developmait  Company  to  the  amount  of  $21000  in-  cash  per  month 
for  twelve  months,,  thus  guaranteeing  the  California  Development  Com- 
pany  $262  000  in  cash,  the  amount  estimated  as  absolutely  necessary 
to  spend  during  the  coming,  year  in  a  permanent  intake  h^ad-gate, 
canals,  and  other  necessary  works»  In  consideration  of  tihie  guaranty 
the  Delta  Investment  Company  had  the  right  for  12.  months  to  pur- 
chase any  or  all  of  .the  bondl»  and  mortgage  notes  of  the  California 
Developiment  Co^Ipany.at  50%  of  their  face  Value.  . 

As  iihe  whole,  euterprise  was  still  considered  by  otitiBidets  as  an 
ezperiment,  and  the  banks  of  Los  Angeles  ■  refused  to  ■  cotfcede  -  any 
value' whatever  to  the  Company's  "seouHties'*  for  loaning  purposes,  or 
to  purchase  them  outright  at  any  figure  at  all,  and  the  soil  experts  had 
commenced  givinjg  out  their  unfavorable  opinions,  the  only  reasona-^ 
ble  criticism-  of  this  coiltract  is  that 'it  was  Unfair  to  the  Delta  Invest- 
ment Company  and^  conselquently,  imflair  to  those  stockholders  of  th^ 
California  Development  Gompahy  who  were  large  stockholders  in  the 
Delta  Investment  Company,  in  thkt  it  lndire(jtly  threw  on  them  the 
burden  of  financing  the  California  Development  >  Oompany  without 
adequate  remuneratioli.     '  ••     •> 

*  That  the  privilegfe  6i  buying'  the  bonds  arid  itiortgages  at  50  tients 
6n  the  dollar  did  hot  prove  especially  attractive  is  best  showii  by  the 
fact  that  only  a  small  fractioti  6f  the  holdings  of  the  California  De- 
velopment  Compaiiy  changed  hands  uiider  it  during'  tiie  4  months  it 
was  in  operation/Mr.  Cory,  therefore,  i6  correct  iri  stating  (p.  1260) : 
"It  must  be  admitted  that  the  Delta  Ih\^iB6tment  Company  took  over 
such  securities  at  a  larger  price  than  could  have  been  Obtained' from  any* 
other  source,*'  but  quite  incorrect' in  stating  either  i^at  there  were 
"many"  or  *^arge"  or  "apparently  dishonest"  transactions  between  the 
two  corporations,  or  in  giving*  the  impreiasion  that  it  'was  a  harddhij) 
on  the  Calif omiil  Developmient  Compaiiy  to  part  With'  $2  in  its  so- 
caUed ' '^Securities"  for  $1  in  hard  cash.  As  a  matter  of  fact,  the 
California  Development  Company  could'  well  have  afforded -to  be  much 
more  liberal,  and  the  writer  knows  that  if  any  one  hiad  come  into,  the 
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office  at  that  time m^i$d53.(]00  m'^old  ooin  -and: ofEeredit  in  ekxsbknge     Mr/ 
for  .  $1 QOO  0QQ,  face  vahie,.  of :  the  :  sortsalled  /fsecimtieg,''"  there  ^vviould  ^^•■^- ' 
not.  have  been  a  Voice:  raised  against  taking  tiie  maney^- itv^wiad  so 
urgently' •needed.;    -•   ,•■:"  •.■.  .  •<;  i  •  ■■■■    ■  ••,  .•.••  •    • 

-  Finally,  the*  author  is:  entirriy  mistaken  in  saying  that  March  Ist 
of  that  year  found  thei  €aliioisnia.  Detrelopni^nt  Company  ^HTi^-ati^its 
b,ond8  gone,  ks.  coUateval:  notes  and  mortgages  : largely  depleted,  no 
ni^oney  in  t^  treasury,  and*  deeply  in'debt.'^  The  faots  are  that  atHhat 
date  it  had  '$4T000i  of  its  bbnds  6a  hand,  $S25  000^  of  mortgage  notes, 
$235  000  of  acconnito.  ri^ceivahle,  besides  Isolds,-  canals,,  machinery,'  equip*' 
ment/.elc.,'and  unsold  water  stock  estimated  (at-l^e  selling  price  at  that 
tiDie)^tO'he  worth'412  285  00&y:faid  its  liabilities,  including. $453 000. of 
bonds  and  d^eared  pfaymenta* ita  fianlom  end  Andrade^ vwere  IteStthan 
$500000;  in.^ifutb^  from  B  fe^.  months  after  liir.  Ohaffey  started  .woriE; 
t)ie  C&Hf arnda;  Development:  Company •  nt^er  was:  without*  an •  ample:  sup^ 
ply  of:lnortgag^Ln0tes-!and  .bonds  in!  -  the  «treaaui!y;!'fai;i:fe:  outsiders  had 
not fSufficdsnt. faith  in 'theni! to:  buy  thexb  f<nr;  cash;  :  .*  •-  .'.'  .^ 
':  In  ^icEw  df  -what.  was.  afODempli^ed  in  the:  22' Kflb&ths  ending  Fd^ru<^ 
ary,  1902,  and  the  fact  that  some  of  the  best  men  in  Loe  -Angeles 
would  .hayei  je&ied>  hini  and  furnished  latge  amousits.of  capital,  pro- 
vided' h0  :had  Iseeured  f  lilL  amtixjl,  it  *  is  doubl^se  'Aaf  e  to  say  that  had 
he  ti^k^::coiitrDl> 'ixupltod  df-.retiaring.ftom,  the  i company,  there  nev^r 
wotdd  vbave'^been  any:  runatva^'  Colorado  Jtiver  end.  the:  denneilopment  of 
the  Valley  nHr<ould  have'  been:  even  much  mbre  rapid  tlian*  it  has  been; 

■  •  * 

D:'E.  Q-RuifSKT,  it.  Am.-  Sob.  C.  E.  (by  letter).— *riie  problems  of     Mr. 
thie  Loiter'  Colorado  EivVbave'a  wonderful'  charih.  '  They  are  pre-  **'"""'"'• 
sented  by  Mr.  Cory  in  a  i4QSt '  compreTieiisi ve  and  attractive  way,  atid 
he  has  done  the  Profession  valuable  service  in  putting  on  record,  arid 
making  available  for  convenient  reference  the  results  of 'a^  (experience 
on  river  work' which  is  uniqu^  in  character  anji  magnitude.  . 

So  long  as  there  was  a  fighting  chance,  in  190C!  and  190T,  the  engi- 
neers  under  Mr.  Cory!9  guidan,ce .  aiid  upon  the  wise  determiiiatioii 
of  ,Mr.,  Hai^rimar^.were  tpkeep  iip  the.  fight.  How  the  figl|t  was  won 
has  been  well  told  by  Mr.  Cory.  The  writer  takes  pleas.ure  in  again; 
e:^re9aing. . his  .adi^airation  .of  the  able  .way  in  whji(4j  the  yoyk  was 

Jwidled,  ,.,.;,  :  ..  -r.. -,.  ..■:•...:.•:.,■,.■:..'.  ._:•■.■•  •••;.:: 
At  the  outset,  ev^ry^  one,  fK>  far- as.  the  writer  knpws^  believed  tliiat: 
the  work^  pf  ..nialfi»g..A,clQSiire  in  the  fajl  ,of  .1906  would,. be ^^tly, 
facilitated  biy/^e  \ise.qf  bri^sh  mattresge^  on  which  to.difpip  ttp  ropi^.. 
What  tfre  wqirk \ done  on.  .the  GoJ^Jirado  in .  1906.  ap,d  1907 .has  id^ariy. 
demQusftifliteiJ  id  that,  .wil^h  a4^<mate.  tr^flspprtation  f  ^ciUljieSr  a  hruah. 
rpattxeae.  oii •  wjuob. to  drop  the.  rock,  ia: npt  essential?  .  It.  isf  onlyjneis^:. 
sary.to  plA<?9,  thejro.ck,inore  rajpi^ly  than  the  w^ter  can.  mdermine  .and 
bury  it.  '"'  '  ''  "   :"'•  •'•"•:••' 
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WitfaDuti  the  ipiir  t^a^  irom  tfaefioathem  Facifie  mflin'  line  down 
'''  to  tJie  Loirer  Meucan-  Heading,  the  first  atten^t  te  dose' the -bre^ 
would  hate  been  a  failure,  and  yet  the  miter  TeebUeots  distinctlr.  that 
plans  were  under  discuBsion  for  the  beginning  of  Hue  work,  undei 
idiioh  rebaufle  was  to  be  i^aced  on  Wat»r  tran^toitation.  the  Out- 
oMne  has  demoostrated  clearly  that,  when  such  work  is  to  be  done, 
every  poaaible  contiSgency  should  be  foieseen  so  that  ereiy  emergency 
can  bo  met  properly.  It  was  a  wise  precaution,  too,  to  keep  an  equip- 
ment and  8  force  on  hand  and  available  for  repain  duiing  the  high 
water  of  IWJ,  even  though,  aa  ittumed  -out,  they  were  not  needed. 

At  that  time'  the  leveee  were  new,  and  tte  rirer  brought  down  an 
unprecedented  Voliime  of  water — a  maximnm  of  about  100000  sec-ft.^ 
Naturally,  it  would  be  expected,  therefore,  that  the 'levees  bid  at  onoe 
been  subjected  to  a  seveiie  testi  This  might  hare  been  the  case  if  the 
conditions  on  the  tower  mer  jiad  remained  as  in  yean  past;  but  the? 
bad  been  undergoing  a  rapid,  change,  with  the  result  that  the  new 
levee  was  only  wet  heee  and  there,  and  there  was  no '.opportuni^  to 
observe  what  might  have  haiq)e9ied  if  the  water,  had  been  8  at  A  ft:  up 
on  the  levee;   .  ■  ■-...■.;!■ 

The  writer  made  a  speoial  Study  of  the  pn^lraU  of  tfae  Lowdr  Colo- 
rado Biver  for  the  Secretary  of  the  Intenor  in  die  early  sunuDOT  of 
1907,  and  his  ofaeerratiauB  at  tiiat  time  and  in  Mm  two  precediBg  years 
as  0(»uultiitg  Engineer  in  the  U.  S.  ^Reclamation  S^vioe^  tbgether 
with  many  years  of  familiarity  with  certain  featuzea  of  the  river,  aie 
T  prompted  by  Mr.  CoryB  paper, 
Q.  Q.  W,  Shiinklin,  at  one  time 
,  and   Mr.   Duncan   Beaumont 
w  River  country,  as  a  part  of 
d  the  desirability  of  making  an 
be  done  toward  accomplishing 
cd.    It  was  known  at  that  time 
lanal  would  be  across  Mexican 
9  too  complicated,  and  nothing 
'  to  this,  has  never  lost  interest 

m  urn  [jruuieiu. 

In  1896  the  writer  explored  a  portion  of  the  Colorado  Brrer  below 
the  Grand  Canyon  and  confirmed  the  selection  of  a  dam  site  at  ^e 
lower  end  of  Iceberg  Canyon,  as  the  beet  'available,  in  ai  long  stt:et«b 
of  river,  for  a  low  dam  to  be  used  in  creating*  fallfOr  power.  He 
reported  at  that  time  that  it  would  be  feasible  to  construct  a  dam 
of  loose  frock  on  a  6ahd  foundation  by  blanketing  thb  bed  of  ^e  riVe* 
for  a  conBiderable  distance  up '  and  down  stream  ^Hth  broken  rook, 
usiliglai^e  blocks  for  the  down-stream  portions  of'tbe  work,  allmving 

16  000  BAc-rt.  bj'  the  U.  B.  QtWioRlcal  Aurrar  Id   WaMr 
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the  Tvater  tb*  buty  (lheM^->ftard§ep  1$  it/woi^]^,  .^4jiusiB|^,^$JQier  pj^^^ia)     ikfo 
in:  the  ui^stveftia.iaoci;  Hwhi(4i  Woulfl  uljljaniij^iy.  1?^.  n^adjB  ,iMp^yio^8  ^W^« 
txrnearly  80  byftherifferjiilli*   .Tb^.plaa  oiytfeatiiey  ipvpJ^^eKi  Jjie.  copa^ 
plete  turning  of  the  Colorado  over  a:  loiPir:spur:9J^.ti^e  i^ountcp^s...  !I^^ 
Dory's  expeideiw^.^  at  ;the:L<>w€f?/ Mexican. ;H0|idw^..q  i^e jfeasi- 

biiity  of  k;arrying ;  o\it  moik  -  of ,  this  -  oharao^r. , . . ,    f  i    .  w   .  »    . 

Seveoral  yeiaraflat€ir:'the  wril^Ii^iWas.stftJbiqiwdifjr^threeim^ 
lihe  OobiBd©  a  ie\K.miles,aljoY:e  jlJl^,»(ft^lih^<>f;.1i^e  Virgi^: 
«dditionf|i;  i^^poiiruni^,  ;£q^  .ob^e]tr«tion^ .  At*  ^jat .  tia^e,.i)ojlier»<,  wf^ 
to  be  set  fbi!^ mining  opeoratiood,  ai^d.  hriek ^w^s  7^afttai,£  J5f(Q.,clay  d^ 
posit  cdnld  be  ^foutidL-:  ISie vnapst.  pirpno^ping  wy^itb^.  i?(  th^  pver.  waf 
aampled*  The ;B}itd'>could  be  balled, up. aatidiwoulflorfK^  apn^f^hat  in 
dryings: .  It  was  aubxnitted  %f>  a  •  cbfppii^  $t  ;San.  Fraz^cisco  ,4^4  .]:«9ported 
to  he  cois^posed '  jUnoioat .  entirely. ;  of  yexy  .  fine, .  eilipioua  aand  €^tir^ly 
liii£t-£or  brlek*aa»kiw^v-7  ... :.  ,.  vwv  ;;. 

•  Mxxwrib^  VargiiL  Biv&r  .the  .wftt0t^ol;tb^.Colotadq,.at  loi^  aj?d/higb 
stiftges,  ea]ri2ed':a:lBUPge)^u«m1dty^.(^^^^^  ^t  in  an^pensipi^^^J^s^ would 
settle  qi^idsl^  wbet%  ti^:  wat^riinfa^^dipi^  :fr^J?i.  the  ;riyey  in.  a  ^Jaas, 
aa»d'wiilidn!ajfei(y>s<»fi<)ttda^  to,  drinkv  .There 

was  certainly  comparatively  little  clay  in  the  ailt.carried-by  tie  river 
wKter  Atfthis  pomt^.:,  Th^Srobsc^i^ifm.ljead&^.the  w^ 
ihesiLaiii  OQl^a^q.mHst  jbie  the.^prittcipal  spuflrce.of  the  :$pe,  lig;ht  sedi- 
ni^ti-otb^^.  thajQ  clc(7, .;v«[liic}^  the  river ^isarries  to  the  delta,  and.ac- 
coun^tsy  topyfor  th^.pjr^afipindera^ce  of.  ,:p;iatenal  of  this  cWapier  in  the 
Eive;c  dejta;  it. ajtso,  makes  it,  appea^. probable  that  th^  clays,  beddisd  as 
the  author  ;de8cribes,  probably  have  originated  in  otter  parts  of  the 
rivers  ,iv:ater:sh^.     ...... 

During  the  lpT7^  /stage  of.  the.  river,  above  the  Virgin,  thfe  t^riter 
had  occasion  to  erect  a  mast  or  pole  on.  a  gravel  bar  for  the  support 
of  a  cable.  The.  gravel  was  ,imusually.  firm.  It  cbnsii&teii  of  all  sizes 
from  cobble-stones  down  to  sand,  and  iJQ  its  dry  donditibn  a^eared 
to  be  almost  cemented,  The  mast  was  erected,  and  larg;e  bbiilders  Were 
piled  around  it:  Whlen  the  river  roSe  the  gravel  around  the  mast 
became  wet,  softened,  lost  its  cohesion,  and  acted  very  much'lik^  jf 
quicksand;  iheina^t  requii-ed  additional  stippbrt  or  it  wbuld  have  fallen. 

A  heavy  craiikshaft  lying  'above  the  Water  oh  another  portion  of 
tlie  gravel  bar  commencied  to  sink '  into  the  gravel  when -thisr' was  wet 
by  the  rising  wfiAQt*  ^A  waS  with  diffieulty  supported'  until  it  could 
be  transferred  to  safer  ground. '  ■ 

These  facts  are  alluded  tb  as  a  warning  against  plattiiig  too  hiuch 
reliaiice  oh  gtavel  for  the  facing  of  bank  or  fevee  slo][)efik  The  gravely 
in  the  case  of  the  Colorado  River  levee,  serVes  a  most  excellent  pur-* 
pose;^  and  Its  use  is  not  critidzed,  but  gravel  has  no  particular  virtue 
as  a  mkterial  for*  resisting  Uhe  attack  of  a  current,  and  will  have  but 
little  resisting  power -^«dienv  used  .  i»  spur  dikei^  .  It  is  an  excellent 
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-aJ?^'     ttiaterial,  biowevidr,  as  in  t&e  oiuse  ol  the  letees  (^  tiie:  Mexican,  aide 
[•Gh^nsky.  ^  the  Colorado,  iot  blaiaketing  the  leree,  ^^errinir  as  a  plt>tection  for 
the  earth  slope  agiailist  #iiid  ei-oeion, 'and  bheeking  io  a  laarge  extent 
thle  activities  of  bnrirowing  animals. 

The  Colorado  below  Yuma,  as  explained  by  Mi»*  Cory  and  as  noted 
by  the  writer  in  a  paper  pti^sented  to  this  Soeiety  inl907v  is  flowing 
down  th6  slope  6f' a  delta  code.  While  undicrtjurbed  b^buman  agency 
itd  floods  annually  wateiied' broltd  areas,  and  the  rank  Vegetation  whioh 
Sprang  np  on  iiiese' areas'  was  an  effective  barrier  opposed  by  Nature 
to  the  cbtLcentration  of  the  ri vein's  flow  along  flew  channels,  evea 
though  some  of  the  watetr  going  over«-baak  should  long  ago^  if  topog* 
raphy  alone  is  considered,  have  cut  out  a  new  c<mr8e  for  the  riveF. 
The  river  has  been  compelleAi'  by  these  restraiiiing'foroea  to  hold' |or 
more  than  500  y^ars  to  the  course  as  geographers'  flrit  kofim  it  &obi 
Yuma  to  the  Gulf.*  However,  thoiigh  the  riv^/unadded^* 'could  hot 
break  away  f h)m  this  general  alignment)  it  :s#u&g'.1^ckvaBd  fdrth, 
within  riei^ricted  limits-  en  an  tiver-changing  serpedtiae  cnorse.  The 
river  alolig  the  thread  of  the  stream  hto'a  fall  6i  about  l/ft  per  m^ 
and  the  averieige  fall  along  the  air  line  from  Pilot  EfiOb'toihe'GhiM 
18  about  li  ft.  per  mile.  .     •     .  "  .  :  >   •., 

When  attempts  are  made  to  confine'  a'  river  ofthiii  (eharafeter  be- 
tween ieveefe  there  is  trouble.  '  ITnder  the  attttcfc*  of  the  riv^r,'  the  benka 
will  continue  to  break  away,  first  at  one  point  and  then  at  stti6iherl  and 
no  amount  of  care  in  the  location  and  construction  of  levees  cain  in- 
sure them  agaiiist  destruction  from  tjii^  cause.  To/ciiedj'tlie' Pairing 
bank  is  difficult  and  expensive,  even  when  adequate  fa6ilitids  "are  at 
command,  as  has  been  well  set  forth  by  Mr.  Sellew.  In  ordinary'  cases, 
it  is  out  of  ..the. question  to  elimiiiate  entirely  tliis  source  of  danger 
to. levees  located  comparatively  near  the  nver  batik. 

It  is  natural,  then,  that  the  levees  in  the  case  of  such  "a  river  should 
be  set  far  back  from  the  banks.  In  this  location  on  the  Colorado  the 
levee  cuts  o?  the  river  )ben<k  and,  therefore,  follows  a  line  of  greater 
dope  .than  the  river...  This,  is  actually  the  case,  below  T^uma,  except 
for  the  .fir^t  long.stretph  bejow;  Pilot  Knob,  where  the  yivef  .is  strsiight 
for  some  8  miles  and  the  levees  cn^  each  side  are  parallel  with  the  stream 
and  cprnpayfttively  neiar .  th^  •  banks.  Below  this  straight  reach,  the 
river  chai^pel>  down,  to  the  Ari;?ona  boundary,  i3  about  30  or  40%  longer 
than  the  levees  on  their  present  location  (Plate  Lyi).^  .      , 

i  If  the  rjyer  wes  above  bankfli.and  water  stands  against  these  levees, 
8om«  barrier  must  be. interposed,  to.  its  flow  if  eropion  at. the  bape  of 
the  leveei  is.  to  be  prevented.  ■  ;    .-      >.    .     ,    ...   . 

Even  when  .constructed  as  was. the  original  l^vee  at  the  Lower  Mexi- 
can  Heading,  with  borrow-pits-  oil  the  l^d  side, .  the  wprk  of  levee 


*  I 


^Trani€Uiti^ni8\Km.  96t.  O.  E'.i  V6L  LIX,pi  A^  m  i 


1 


DISCUSSION  ON  IBRIGATION  AND  RIVEH  GONTEOL  1537 

building  gives  more  or,  less  open  spaoe  for  the  water  on  the  rive?'  side  Mr. 
along  the  levee,  and  there  will  be  concentration  of  flow  there  which  ^^^  ^' 
will  rapidly  cut  chfinnels  in  th^  light  silt  soil  of  the  delta.  The  spur 
dikes,  as  built  by  Mr,  Cory,  offer  some  obstruction  to  this  flow,  and 
are  of  value  under  certain  conditions;  they  have  been  of  use  during 
such  moderate  bank  submersions  as  have  occurred  since  the  levee  was 
built,  hut  under  a  real  test,  with  water  4  or  5  ft.  on  the  bank,  they 
would  serve  to  concentrate  fall  and  would  start  local  cutting  which 
might  prove  quite,  as  dangerous  as  the  general  erosion  due  to  uniform 
flow  along  the  levee.  It  may  be  stated  in  a  general  way  that  the 
efficiency  of  such  spurs  for  the  same  aggregate  quantity  of  material 
in  them  will  ordinarily  increase  as  distance  between  them  is  decreased. 

While  Consulting  Engineer  in  the  XT.  S.  Eeclamation  Service  and 
adviser  to  the  Secretary  of  the  Interior,  the  writer  reached  the  con- 
clusion that  it  would  be  hopeless  to  endeavor  to  carry  out  the  proposed 
scheme  of  building  levees  along  the  Gila  Eiver  just  above  Yunoa. 
lievees  along  the  banks  of  the  Gila  cannot  be  maintained  short  of  an 
expenditure  for  bank  revetment  which  the  value  of  all  the  land  to  be 
there  protected  would  not  justify.  The  situation  is  somewhat  more 
favorable  on  the  Colorado,  which,  owing  to  a  lighter  gradient,  is  less 
erratic  than  the  Gila,,  but  there,  also,  the  fact  should  be  recognized  that 
it  presents  no  ordinary  problem. 

The  land  to  be  protected  on  the  Lower  Colorado  is  of  such  extent 
and  of  such  fertility  a^d  potential  value  that  there  should  be  no 
hesitancy  in  taking  every  step  that  may  be  necessary  to  (bring  the 
Colorado  under  permanent  control.     . 

The  Secretary  of  the  Interior  was  advised  by  the  writer  in  .1907 
that  the  Colorado  should  be  given  permanent  banks  from  Pilot  Knob 
about  as  far  down  as  the  Arizona  boundary.  He  was  advised  that 
this. work  might  cost  from  $50  000  to  $150  000  per  mile  of  bank,  involv- 
ing, as  it  would,  permanent  loose  rock  revetment  of  banks ;  and  that  the 
United  States  should  be  prepared  for  an  expenditure  of  from  $4  000  000 
to  $5  000  000,  of  which  a  portion  should  be  contributed  by  Mexico  be- 
cause the  benefits  of  the  work  would  accrue  to  Mexico  as  well  as  to 
the  United  States.  He  was  also  advised  that  there  should  be  created 
at  once  an  International  Engineering  Commission,  with  full  power 
to  undertake  the  work  of  giving  the  river  a  permanent  direct  channel, 
as  indicated,  and  to  give  consideration  to  all  other  problems  arising 
on  this  stream.  At  the  same  time,  the  irrigation  problems  .were  re- 
viewed,, and  the  need,  of  an  early  action  for  the  protection  of  the  Im- 
perial Valley  was  pointed  out. 

At  that  time  the  Imperial  Valley  had  to  depend  on  a  foreign  corpo- 
ration. La  SQciedad  de  Yrrigacion  y  Terrenos  de  la  Baja  California, 
for  .protection  against  overflow  and  against  complete  and  perma- 
nent submersion  of  the  yaUey  by  the  Colorado.    It  had  to  depend  on 
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iir.  this  company,  and  it  is  still  dependent  thereon,  for  its  irrigation 
*  ^*  water,  which,  after  being  diverted  from  the  rivei*  in  the  United  States, 
is  turned  over  to  the  Mexican  Company  by  which  it  is  re-delivered 
into  California.  Such  an  arrangement  needs  the  sanction  and  pro- 
tection of  higher  authority.  The  arrangement  cannot  be  regarded  as 
entirely  satisfactory  until,  under  some  treaty  or  other  convention  with 
Mexico,  the  right  of  a  diversion  of  Colorado  River  water  through 
Mexico  is  permanently  assured  to  the  people  of  the  United  States,  and 
the  two  countries  acting  in  harmony  adopt  adequate  measures  for 
keeping  the  Colorado  out  of  Salton  Basin. 

Circumstances  have  favored  the  maintenance  of  the  work  done 
on  both  sides  of  the  Colorado  prior  to  1907  below  Pilot  Knob.  In 
that  year  the  river  carried  more  than  the  ordinary  quantity  of  water; 
but  the  delta  had  been  dry  for  two  seasons,  the  river  banks  were  free 
of  grass  and  weeds,  which  had  been  largely  burned  off,  and  the  over- 
bank  flow,  therefore,  was  far  in  excess  of  what  would  have  occurred 
if  the  river  had  not  been  out  of  its  natural  course  from  1905  to  1907, 
and  if  well-watered  banks  had  been  covered  with  dense  vegetation. 
Due  to  its  bare  banks  and  to  the  consequent  large  over-bank  flow  at 
low  elevation,  the  river  did  not  rise  as  high  and  there  was  not  as 
much  water  against  the  levees  as  there  might  otherwise  have  been. 
Then,  too,  in  the  spring  of  1907,  the  cutting  off  of  Nigger  Bend  and 
the  shortening  of  the  channel  at  that  x)oint  by  2  o^  3  miles  had  some 
effect  in  lowering  the  high  water  as  far  up  stream  as  Yuma,  and  then — 
in  1909 — came  the  relief  at  the  Abejas.  It  may  be  assumed,  therefore, 
that  the  behavior  of  the  levees  on  both  sides  of  the  river,  in  1907  and 
in  the  following  seasons,  is  not  a  conclusive  test  of  similar  structures. 

The  writer  inspected  the  levees  on  both  sides  of  the  river  at  high 
water  in  1907.  On  the  west  side  the  levee  below  the  dams  at  the  Lower 
Mexican  Heading  had  not  been  wet:  At  and  near  these  two  danis,  com- 
pleted a  few  months  before  by  Mr.  Cory,  where  the  borrow-pits  were 
on  the  land  side,  there  was  some  seepage  under  the  levees.  Miniature, 
pin-head,  under-water  volcanoes  made  this  apparent  to  the  eye.  The 
water  in  the  borrow-pits  was  but  little  lower  than  in  the  river,  conse^ 
quently  this  seepage  was  caused  by  a  pressure  head  of  only  a  few  feet. 
No  doubt,  it  would  have  increased  somewhat  with  a  rise  in  the  river. 
It  was  the  result  of  the  slow  movement  of  the  soil-water  inland  from 
the  river. 

On  the  Arizona  side  the  borrow-pits  were  carrying  a  small  quantity 
of  water;  they  were  not  bank  full.  The  abatis  work  across  the  borrow- 
pits  appeared  to  be  catching  considerable  trash,  and  each  barrier  of 
this  kind  checked  in  some  measure  the  velocity  of  fl6w  for  a  short 
distance  up  stream,  but  gave  the  impression  that  under  ordinary  con- 
ditions of  bank  submersion  such  structures  would  have  been  quickly 
cut  out  by  the  water  passing  around  their  ends.     The  writer  was  not 
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impressed  with  their  efficiency,  although  th^  •  undoubtedly  did  some  _  Mr. 
good  under  the  conditions  which  prevailed  in  1907. 

In  1^10  the  writer  again  had  an  opportunity  to  inspect  the  levee 
on  the  west  side  of  the  Colorado,  and  noted  that  where  the  checker- 
board arrangement  of  borrow-pits  had  been  adopted  the  spill  from 
one  into  the  next,  even  with  very  slight  river  bank  submersion,  had 
caused  some  channel  cutting,  making  clearly  apparent  an  inherent 
weakness  of  this  arrangement. 

After  a  number  of  favorable  seasons  these  outside  borrow-pits  will 
to  a  large  extent  be  refilled  with  sediment  from  the  river.  If  located 
close  to  the  bank  and  on  no  greater  slope  than  the  river,  the  refilling 
of  such  pits  along  such  a  river  as  the  Colorado  may  occur  quite  rapidly. 
Until  thus  refilled  and  overgrown  with  vegetation,  they  are,  to  almost 
the  same  extent  as  a  continuous  borrowrpit,  a  menace  to  the  integrity 
of  the  levee  whenever  the  latter  follows  an  alignment  along  which 
there  is  an  excessive  f allj  as  is  the  case  on  the  Colorado  witli  the 
Paredones.  levee  and  with  those  above  and  below  the  Abe j as. 

Jn  reporting  to  the  Secretary  of  the  Interior  on  the  matter  of 
river  treatment,  the  desirability  of  using  hydraulic  dredges  in  the 
construction  of.  the  levees,  was  referred  to  by  the  writer,  and  he  still 
believes  that,  wherever  the  location  will  pei:init,  the  bulk  of  the  levee 
work  on  the  Colorado  sjiould  .be  do^e  by  this. method,  The  first  work 
would  then,  be  the  excavation  of  an  ample  tr^ch,  the  material  from 
which  would  form,  the.  river  side .  restraiirog  embankment ,  for  the 
hydraulic  fill.  The  hydraujic  fill  would  than  be  deposited  in  the  rear 
of  this,  refilling,  the  trench  and  bringing  up  to,  the  desired  height,  an 
embankment, 80; wide  of  base, that  underflow  through  cracked  soil  an.d 
through  burrows  would  be  m^de  impossible.        .    . 

The. writer  is  of  the  opi;nion  that  the  control  of  the  jDolorgdo  be- 
tweeijL  permanently  fixed  banks  ;  should  not  be  projected  beyond  some 
agreed  point  near  the  Arizona  boundary  line.  If  the  river. is  kept 
on  a  proper  alignment  dpwn  to  that  point,  it  can  wander  about  over 
a  large  lower  portion  of  the  delta  without  menace, to  the  Imperial  Val- 
ley* It  will  then,  as.it  does  to-day,  send,  its  waters,  at  least  in  large 
part,  into  the  Volcano  Lake  region,  and  will  warp  up  first  one  ^d 
then  another  section  of  its  lower  delta  region.  In  the  fax  future,  then, 
the  time  may  come  when  complete  control  to  the. Gulf  can  be, econoa;qi- 
cally  justified. 

If  ccmtrolled  mainly  by  giving  the  river  a  direct  alignment  between 
permanent,  well-protected  banks,  s^ppliemented.  with  levees,  as  far 
down  stream  as  here  indicated,  the  protection  of  the  Imperial  Valley 
and  the  wliole  Alanu)  and  New  Eiver  country  will,  be  complete,  if  the 
crossrlevee  to  the-  northward  of  Volcano  Lake  from  the  b^e  of  the 
Cocopah  Mountains  to  the  Colorado  at  the  Lower  Mexican  Heading 
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iir.      and  up  the  river  to  PUot  Knob  be  broiight  up  to  proper  height  and 
•  be  protected  adequately,  particularly  against  wave  action. 

.The  writer  desires  to  note  that  the  various  estimates  of  flow  of  the 
Oolorado,  even  those  based  on  gaugings,  are  to  be  accepted  with  cau- 
tion. Some  additional  information  relating  to  methods  of  gauging 
should  be  given  before  these  estimates  are  accepted  as  conclusive.  This 
applies  particularly  to  the  measurements  made  at  the  river's  high  stages. 
It  is  understood  that  some  special  precautions  are  now  being  taken 
to  insure  accuracy  of  soundings  and  the  correct  placing  of  the  cur- 
rent meter  at  the  intended  depth;  but  in  1907  the  writer  knows  that 
this  was  not  done,  and  that  the  maxima  then  recorded  are  too  great 
by  from  15  to  20  per  cent. 

The  two-point  method  of  gauging  was  at  that  time  used.  The 
gauging  was  made  from  a  car  supported  by  a  cable.  In  mid-stream 
the  car  was  from  5  to  8  ft.  above  the  water  surface.  A  sounding  was 
made  immediately  before  the  velocity  was  measured.  The  heavy  sound- 
ing lead  was  lowered  from  the  car  to  the  water  surface  and  a  reading 
of  the  paid-out  line  was  taken.  Then  it  was  lowered  to  the  bottom 
of  the  river  and  another  reading  was  taken,  the  difference  between 
the  two  being  recorded  as  the  depth.  No  allowance  was  made  for 
the  line  swinging  out  of  the  vertical,  due  to  the  force  of  the  current* 
which  was  about  7  ft.  per  sec.  in  mid-stream.  By  observation  from 
shore  on  June  24th,  1907,  the  correction  to  be  applied  to  the  recorded 
mid-stream  depth  of  45  ft.  was  found  to  be  about  6  ft.  The  recorded 
depth  determiiied  the  required  immersion  of  the  current  meter.  When 
the  meter  was  supposed  to  be  at  one-fifth  d^th,  or  9  ft.  below  the 
surface,  it  was  in  reality  barely  below  the  surface;  and  when  it  was 
supposed  to  be  at  four-fifths  depth,  it  was  but  little  deeper.  The  only 
value  of  the  velocity  measurements  as  made  lies  in  the  fact  that  they 
can  be  used  to  determine  surface  velocity.  They  were  recorded,  how- 
ever, as  applying  to  the  two-fifths  and  four-fifths  points,  with  a  result- 
ing over-estimate  of  mean  velocity.  In  this  particular  case  the  recorded 
discharge  should  be  reduced  15%  to  grive  approximately  the  fiow  of 
the  river  on  that  day. 

The  errors  of  observation  as  above  noted  were,  of  course,  called  to 
the  attention  of  the  Beclamation  Service  and  the  United  States  Geo- 
logical Survey,  but  no  correction  has  been  applied,  and  the  writer  does 
not  know  how  long  such  methods  of  gauging  were  maintained  at  that 
station. 

In  Water  Supply  Paper  No.  249  of  the  U.  S.  Geological  Survey, 
page  45,  the  discharge  is  noted  for  June  24th,  1907,  at  112000  sec-ft 
Of  this  quantity  11000  sec-ft.  were  flowing  Lq  ihe  north  channel  of 
the  river  and  101 OOO  sec-ft.  were  recorded  for  the  main  stream.  Ac- 
cbrding  to  a  propier  interpretation  of  the  measurements  on  that  day, 
the  main  stream  carried  only  86  000  seC-ft;,  and  probably  somewhat 
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lees.  The  aggregate  discharge  for  •  that  day  should  hare  been  noted  Mr. 
at  97000  sec-ft.,  instead  of  112  000  sec-ft.  The  error  in  the  main  ^"'^''^ 
stream  gknging  Vaa  about  17%,  or  the  recorded  main  stream  flow 
should  be  reduced  15  per  cent.  The  same  correction  should  undoubt* 
edly  apply  to  the  entire  period  in  1907  during  which  the  river  was  at 
or  near  its  highest  staga  The  writer  has  no  information  as  to  whether 
the  same  method  of  gauging  was  still  in  use  in  1909.  If  it  was,  there 
can  be  no  doubt  that  in  that  year,  also,  there  must  have  been  a  con- 
sid^i^ble  over-estimate  of  discharge. 

Mr.  Cory  is  right  in  his  conclusion  that  the  construction  of  reser- 
voirs within  the  water-shed  of  the  Colorado  will  have  some  beneficial 
effect  in  equalizing  the  stream  flow  and  in  reducing  the  maximum 
discharge.  It  is  immaterial  whether  or  not  the  storage  possibilities 
have  been  over-estimated.  This  can  only  affect  the  extent  of  the 
reservoir  influence;  and  yet,  whatever  this  may  be,  it  will  not  change 
the  river  problem,  except  as  to  its  magnitude.  The  river  will  still 
have  its  varying  volume  of  flow.  :  Its  channel  will  adjust,  itself  to  the 
new  conditions.  The  same  lads  of  channel  capacity  will  be  felt  at 
high  stages  on  the  lower  river  as  is  felt  to-day,  and- the  same. problem 
of  keeping  the  delta  channels  of  the  river  on  the  GuM  slope  wiH  con- 
front the  river  engineers  of  the  future  as  confronts  those  of  to^day, 
except  only  that  there  will  be  somewhat  less  water  and  correspondingly 
less  silt  to  be  reckoned  with. 

Perhaps  a  word  should'  be  said  about  the  Laguna  Weir.  The 
change  in. the  original  design  from  a  paving  with  large  blocks  of  rodk 
to  a  paving  with  concrete  Was  due  to  the. fact  that  the  granite  which 
had  to  be  removed  at  each  end  for  the  sluice-ways  was  not  of  a  char- 
acter which  could  be  used  for  this  paving  work.  It  was  anticipated 
by  the  engineers  who  designed  and  approved  the  structure  that  the 
granite  at  the ^^Lagunas"  which  appeared  to  be  disintegrated  and  rotten 
at  the  exposed  surface  would  be  of  good  quality  when  cut  into;  but, 
as  the  work  progressed,  it  was  found  that  thd  hills  afforded  very  little 
sound  rock  within  the  limits  of  the  prescribed  excavation,  and  that 
at  the  best  quarry  sites  near  the  weir  only  a  small  proportion  of  the 
rock  was  suitable  for  paying.  This  situation  was  carefully  considered 
before  a  modification  of  plans  was  recommended  by  the  Board  of 
Consulting  Engineers  which  had  this  matter  under  consideration  in 
1906. 

The  writer,  though  not  desiring  to  criticize  unfavorably  the  works, 
which  have  been  carried  out  at  Laguna  for  the  diversion  of  water 
into  two  canals,  one  on  each  side  of  the  river,  has  never  been  in  full 
accord  with  the  general  arrangement  of  the  structures  at  that  point. 
The  plans  for  these  structures  were  approved  before  he  had  anything 
to  do  with  the  Reclamation  Service,  and  no  one  is  more  pleased  to 
learn  that  they  are  rendering  satisfactory  service.     Nevertheless,  he 
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Mr.  would  call  attention  to  the  fact  that  the  decrease  of  depth  of  oyerfl^w 
^'  over  such  a  structure,  resulting  f roiri  its  great  crest  lengthy  4  700  ft., 
is  not  necessarily  of  sufficient  importance  to  outweigh  the  disadvantages 
that  will  result  from  the  use  of  a  dam  with  so  long  bnoverfaU  crest. 
The  storage  of  silt  in  the  reservoir  space  ahove  the  dam,  in  the  case 
of  such  a  river  as  the  Colorado,  is  of  no'  importance.  This  spaoe^ 
except  for  a  channel  of  ordinary  width  leading  to  the  sluice-gates,  is 
soon  filled  with  silt  and  overgrown  with  willows  and  cottonwoods. 
There  is  a  strong  tendency  for  drift  to  lodge,  and,  within  a  few  years, 
there  may  be  such  obstruction  to  a  concentrated  flow  in  lines  paj*allel 
to  the  original  course  of  the  river  that  it  may  be  difficult  to  keep  the. 
waterways  open  to  the  two  ends  of  the  weir  without  permitting  one 
or  the  other  to  parallel  and  endanger  the  structure.  The  conditions 
at  the  weir,  in  a  few  years,  may  be  such  that  water  will  go  over  it 
at  uneven  depth,  and,  in  that  event,  the  great  length  will  fail .  to. 
accomplish  fully  the  desired  purpose^  At  any  rate,  there  will  be 
trouble  from  time  to  time  in  keeping  the  water  on  a  proper .  course 
to  the  two  ends  of  the  dam.  The  removal  of  silt  which  the  sluice- 
gates will  permit- is  dependent  on  the  depth  of  the  sluice-ways  below 
the  sills  of  the  canals.  The  silt  which  the  river  will  deposit  in  the  lar^ 
channel  leading  to  a  aluice-way,  while- the- water  is  forced,  to  rise  to 
the  crest  of  the  dam,  can  of  course  be  sluiced  out  from  time  to  time 
by  opening  the  gates,  but  this  will  be  restricted  to. the  deposit  in  a 
channel.  It'  is  not  the  accumulation  in  a  reservoir,  and  this  fact  should 
not  be  lost  sight  of  in  planning  such  structures.  Even  this,  however, 
may  be  worth  while.  The  writer  believes  that  the  river  should  have 
been  forced  into  a  definite  position  above  the  weir  by  making  a-  section 
thereof,  probably  800  ft.,  a  few  feet  lower  than  the  rest  of  the  structure 
and  then  arranging  inking  walls  to  be  overtopped  at  highest  stages 
of  the  river  and  to  serve  as  training  walls  of  the  large-capacity  channels 
leading  to  the  sluice-gaties,  which  would,  as  at  present,  serve  to  keep 
the  channel  open  to  ihe  head-gates.  One  great  advantage  of  such  an 
arrangement  would  be  the  concentration  and  depth  of  flow  necessary 
to  carry  drift  of  whatever  size  over  the  dam. 

Mr.  Clarence  K.  Clarke,  Esq.*  (by  letter). — Although  this  paper  and 

Mr.  Sellew's  discussion  of  some  phases  of  the  subject  seem  to  have 
covered  the  ground  quite  thoroughly,  it  appears  to  the  writer  that 
room  remains  for  a  few  statements  of  fact  concerning  the  "rough  and 
ready  methods"  of  dealing  with  the  river  which  Mr.  Sellew  does  not 
accept  as  a  solution  of  the  en^neering  problems  pertaining  to  the 
subject. 

Being  one  of  thie  men  referred  to  by  Mr.  Sellew  as  "red-blooded 

fighters,  who  did  not  know  when  they  were  whipped,  but    *    ♦    ♦ 

'     ■       '  -  ■    ■ 

*  Cb£.  Engr.,  Palo  Verde  Mutual  Water  Co. 
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fought  on  to  victory  unmindful  of  its  cost,"  the  writer  desites  to  cor-  M^ 
rect  an  erroneous  impression.  The  crevasse  in  the  river  hank  and 
levee  in  1907  was  closed  hy  railroad  men,  who  used  methods  with  which 
they  were  familiar;  they  tried  no  experiments  and  devised  no  new 
engineering  practice.  They  knew  they  were  not  whipped  at  any 
stage  of  the  game,  and  they  kept  at  the  job  because  they  had  done 
the  same  thing  op  a  Smaller  scale  many  times  and  were  confident  of 
ultimate  success. 

The  use  of  the  water  of  the  Colorado  for  the  irrigation  of  land 
creates  the  problem  of  control.  There  i&  no  other  reason  for  sub- 
jecting that  river  to  control  The  problem,  so-called,  as  the  writer  sees 
it>  presents  three  phases:  1,  direction  of  the  flow  of  the  river  and 
control  of  its  meanders,  involving  bank  protection;  2,  exclusion  of 
overflow  water,  by  levees,  from  land  susceptible  of  reclamation  and 
irrigation;  3,  safe  and  certain  diversion  of  water  from-  the  river  into 
irrigation  canals. 

The  Lower  Colorado  has  no  fixed  channel,  because  of  the  character 
of  the  soil,  which  is  a  deposit  of  silt,  readily  eroded.  The  current 
swings  back  and  forth,  cutting  the  banks  :and  changing  the  meander 
line,  and  an  apparently  insignificant  obstruction  sometimes  causes 
shifting  of  the  channel  for  rdiles.  A  sudden  shift  of  the  channel  from 
one  bank  to  the  other  may  leave  a  canal  intake  dry  and  put  an 
irrigation  system  out  of  business.  It  may  cut  across  a  tongue  of  land, 
changing  a  wide  bend  into  a  tangent  and  forming  a  new  bend  lower 
down.  Therefore,  one  factor  of  the  problem  is  the  maintenance  of  a 
defined  course  of  the  river  between  permanent  banks.  That  may-  be 
accomplished  by  adequate  protection  of  the  banks  and  control  of  the 
meanders.  It  is  advisable  and  feasible  to  straighten  the  course  of  the 
river  at  some  points,  and  by  increasing  its  velocity,  to  check  its  ten- 
dency to  swing  from  side  to  side.  The  shortening  of  the  river,  re-, 
suiting  from  the  elimination  of  many  horse-shoe  bends,  would  increase 
the  scouring  action  of  floods  and  their  silt-carrying  capacity,  and 
greater  volumes  of  sand  and  silt  would  be  transported  to  the  lower 
delta  and  deposited  there,  building  up  large  areas  of  land  and  ac- 
celerating the  work  that  the  river  has  been  doing  for  ages.  By  the 
control  of  the  lower  river,  the  floods  could  be  diverted  into  the  basin 
of  the  Laguna  Salada,  and  that  shallow  basin  could  be  converted  by 
silt  deposit  into  an  arable  and  fertile  valley.  In  time,  of  course,  the 
deposition  of  silt  would  work  back,  and  the  normal  grade  of  the 
river  would  be  re-established,  necessitating  the  adaptation  of  levees 
to  the  new  condition. 

It  is  the  waiter's  purpose  to  point  out  that  this  is  not  a  problem 
calling  for  the  invention  of  new  methods  of  river  control. 

Bank  Revetment, — Effective  bank  protection  can  be  provided  most 
readily  and  economically  by  laying  a  railroad  track  on  the  top  of  a 
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Mr.  levee;  and,  as  other  writers  have  suggested,  it  may  be  applied  in  sec- 
•  tions  as  needed.  That  tracks  on  the  levees  along  the  Lower  Colorado 
are  indispensable  to  their  maintenance  and  the  defence  of  the  banks 
against  undercutting  attacks  by  the  river,  has  been  the  writer's  fixed 
conviction  since  his  first  experience  with  the  river,  and  he  notes  with 
gratification  that  Mr.  Sellew  has  revised  his  former  opinion  on  the 
subject  and  concluded  that  the  railroad  track  facilitates  the  work  of 
levee  protection  to  a  degree  that  more  than  offsets  the  cheapness  of  the 
methods  heretofore  used  by  the  Reclamation  Service  on  the  Colorado. 

Having  the  "firing  line"  established  by  the  track  on  the  levee,  it 
is  important  to  provide  an  abundant  supply  of  "ammunition"  and 
means  of  rushing  it  to  "the  front."  Quarries  and  gravel  pits  are 
opened,  and  are  equipped  with  derricks  to  handle  large  rock,  and  steam 
shovels  to  handle  small  rock  and  gravel.  When  the  river  begins  bank 
cutting  and  threatents  to  undercut  the  levee,  train  loads  of  gravel  and 
rock  are  taken  to  the  point  of  attack  and  dumped  at  the  toe  of  the 
levee.  Gravel  is  dumped  first  in  order  that  it  may  underlie  the  heavy 
rock  and  prevent  the  sluicing  out  of  silt  and  sand  where  the  rock  lies 
on  the  bottom.  When  the  bank  caves,  the  rock  on  the  berm  falls  into 
the  trench  dredged  for  it  by  the  river,  and  if  the  scouring  continues 
and  the  trench  is  deepened,  more  rock  is  dumped  to  reinforce  the 
revetment  and  raise  it  to  the  crest  of  the  levee.  Small  rock  and  steam- 
shovel  material  serve  to  fill  and  face  the  revetment.  When  such 
revetment  has  dropped  to  the  river's  lower  scour  plane  and  has  been 
completed  by  proper  reinforcement,  the  work  of  bank  protection  at 
that  i)oint  is  done  permanently,  and  the  levee  thenceforth  is  safe 
from  undercutting. 

An  illustration  of  this  method  of  bank  revetment  was  the  saving 
of  a  section  of  the  C.  D.  Co.  levee,  as  a  part  of  the  work  of  closing 
the  break  with  what  Mr.  Cory  calls  the  Clarke  Dam,  in  January,  1907. 
The  river  swung  in  against  the  levee  north  of  the  break  and  threatened 
to  destroy  1 400  ft.  of  the  embankment  and  widen  the  crevasse  from 
2  600  to  4  000  ft.  The  width  of  the  berm  between  the  toe  of  the  levee 
and  the  bank  varied  from  30  to  50  ft.  for  the  greater  part  of  the  1 400 
ft.,  but  near  the  north  end  of  the  section  the  current  had  washed  away 
most  of  the  berm,  and  in  the  bight  the  water  was  close  to  the  toe  of 
the  levee.  To  divert  the  current  from  this  bight,  a  jetty  90  ft.  long 
was  built  out  from  the  upper  side.  The  jetty  consisted  of  two  rows  of 
piling,  5  ft.  between  rows  and  8  ft.  between  piles  in  the  row,  the  piles 
being  "staggered"  or  alternated.  The  piles  were  40  ft.  long,  and  were 
driven  in  26  ft.  of  water.  Before  the  completion  of  the  jetty,  the 
discharge  of  the  river  was  increased  to  40  000  sec-f t.  by  a  freshet  in  the 
Gila.  Gila  freshets  carry  great  volumes  of  heavy  silt  in  suspension, 
and  this  material  drops  readily  when  the  velocity  of  the  current  is 
checked.     It  was  not  necessary  to  oppose  any  other  barrier  or  baffle 
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than  the  piles  to  this  heavily  laden  flood,  aad  no  brush  was  placed 
in  the  jetty.  Eight  days  after  the  completion  of  the  jetty,  the  nver 
discharge  fell  to  15  000  sec-ft.,  and  a  bar  was  exposed  on  each  side 
of  the  jetty  and  extending  13^  ft.  beyond  its  outer  end,  where  the  water 
had  been  26  ft.  deep.  The  rapid  formation  of  the  bar  was  due  to  the 
Oila  silt  To  accomplish  similar  results  with  Colorado  River  water 
alone,  more  obstruction,  in  the  form  of  fascines  or  wire  entangl^nents, 
would  be  required,  and  the  process  of  bar  formation  would  be  slower. 


PUIN  SHOWINS  METHOD  OF  DEFENDING  LEVEE  AG*1NST  *Tr*CK  BV  RIVER 

OVJftfNO  CLOSURE  OF  COLORADO  RIVER  CREVASSE  BV  S.P.R.B.  ENGINEERS  IN  1907 

PlO.  85. 

When  the  jetty  was  built,  the  levee  embankment  was  widened 
toward  the  river  with  gravel  and  rock,  the  track  was  moved  to  the 
extended  fill,  and  large  quantities  of  gravel  and  rock  were  unloaded, 
covering  the  berm  to  a  width  of  from  S  to  10  ft.  from  the  toe  of  the 
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Mr.  levee.  Ab  the  river  cut  away  the  bank  and  deposited  the  gravel  and 
"'*'™-  rock  at  the  bottom,  where  the  material  was  needed,  more  rock  was 
unloaded.  The  depth  of  water  at  the  bank,  when  the  cutting  began, 
wag  from  20  to  25  ft  This  depth  increased  to  42  ft.  as  the  river 
dredged  a  trench,  and  at  that  depth  the  scouring  action  ceased.  When 
the  revetment  was  completed  and  the  1  400-ft.  section  of  levee  had  been 
protected,  the  height  from  river  bottom  to  base  of  rail  on  the  levee 
was  61  f  1 


SECriOH  OF  SAND-BAR  FORMED  BY  PILE  JETTY  FROM 
C.D.LEVEE  ON  THE  COLORADO  RIVER,  1907 

Gravel  is  a  factor  of  vital  importance  in  this  method  of  placing 
rock  on  a  sand  or  ailt  bottom,  a  detail  which  appears  to  have  escaped 
the  notice  of  some  of  the  "innocent  bTstanders,"  who  watched  the 
cloBure  of  the  crevasse  and  predicted  utter  failure  of  the  work.  The 
plan  of  providing  revetment  material  at  a  thteateued  point  and  leaving 
to  the  river  the  work  of  dredging  a  trench  and  placing  the  rock,  has 
been  ^)proved  recently  in  a  practical  way  by  so  eminent  a  river  engi- 
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neer  as  Mr*  Sellew,  who  used  the  method  last  year  in  defending  one    Mr. 
of  his  levees  from  attack.    Aa  he  does  not  refer  to  the  use  of  gravel 
as  a  hed  for  rock  revetment,  presumably  that  essential  detail  of  the 
method  was  omitted^ 

This  method  of  bank  protection,  however,  is  no  innovation,  and, 
in  his  application  to  the  closure  of  the  Colorado  crevaase  of  practice 
that  is  old  to  *'firing-line"  railroad  engineers  in  the  West,  thje  writer 
cannot  lay  claim  to  originality.  He  used  the  same  method  on  the 
San  Pedro  Biver,  between  Benson  and  Fairbank,  in  Arizona,  many 
years  ago.  In  1891,  the  roadbed  of  the  Northern  Paeific  along  the 
Puyallup  River,  in  Washington,  was  protected  in  identically  the  same 
way  within  less  than  4  miles  of  the  Tacoma  depot,  where  doubtless 
many  "innocent  bystanders''  observed  the  work. 

Gohtrol  of  the  Biver, — The  general  application  of  this  system  of 
revetment  to  the  banks  of  the  Lower  Colorado^  in  the  writer's  opinion, 
would  solve,  simply  aild  at  comparatively  low  cost,  the  problem  of  keep- 
ing the  rivei*  within  defined  bounds  and  protecting  levees  against 
undercutting  between  flood  seasons.  Combined  with  the  straightening 
and  shortening  of  the  river's  course  and  control  of  the  meanders,  this 
revetment  of  banks  would  increase  the  efficiency  of  the  channel.  Trees 
and  other  obstructive  growth  on  the  bars  and  flats  would  be  removed 
by  the  river  itself,  and  its  carrying  capacity  would  be  sufficient 
eventually  to  take  care  of  floods. 

Experience  has  demonstrated  that  the  revetment  here  described, 
consisting  of  gravel  and  rock;  and  placed  ^rom  the  lowest  scour  plane 
to  the  crest  of  the  levee,  constitutes  a  permanent  barrier  and  solves 
the  problem  of  control  of  the  Colorado. 

The  resulting  rock-reveted.  permanent  barrier  would  be  similar  in 
all  essential  features  to  that  contemplated  in  the  suggested  plan  of 
river  control  attributed  to  Gen.  Marshall,  which  involves  the  excava- 
tion of  a  trench,  to  the  ascertained  scour  line,  by  the  use  of  dredges  or 
power  shovels. 

A  serious  objection  to  the  suggested  plan  referred  to  is  that  it  would 
be  applied  without  reference  to  immediate  need  for  defense,  and  would 
entail  large  expenditure  for  dredging  and  revetment  where  protection 
might  not  be  required  for  many  years.  The  cost  of  excavating. trenches 
to  the  scour  line,  along  both  banks  of  the  Lower  Colorado,  with 
dredges,  would  be  enormous,  and  it  has  been  demonstrated  that  such 
expenditure  is  quite  unnecessary.  Th^  river  can  be  depended  on  to 
do  all  the  dredging  and  to  place  the  gravel  and  rock  at  the  bottom  of 
the  trench. 

Only  the  National  Government  could  or  should  undertake  the  task 
of  controlling  the  Colorado,  as  it  has  prosecuted  the  work  of  protect- 
ing lands  along  the  Mississippi  against  inutidation.  The  flrst  step 
in  the  project  obviously  would  be  to  construct  levees  along  both  banks 
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Mr;  and  lay  tracks  thereon.  During  the  progress  of  this  work,  gravel  and 
^^  *■  rock  quHTries  should  be  opened  and  equipped  with  the  requisite  load- 
ing appliances,  and  cars  should  be  provided  to  carry  the  material  to 
the  front.  In  case  of  attack  on  the  levees  by  the  river,  material  would 
be  sent  to  the  threatened  points,  and  the  work  of  permanent  revet- 
ment would  be  done  at  those  points.  After  the  completion  of  the  levees, 
the  means  and  material  for  revetment  would  be  kept  in  readiness; 
during  each  flood  season  the  river  would  be  observed  vigilantly;  and 
every  attack  on  the  levees  would  be  met  promptly. 

This  method  would  distribute  the  work  over  many .  years*  Con- 
ceivably, 50  years  or  more  might  pass  before  the  banks  would  be  reveted 
throughout  the  course  of  the  lower  river,  but  during  that  time  the 
stream  would  be  virtually  under  controL  The  cost  also  would  be  dis- 
tributed, and:  no  very  great  expenditure  probably  would  be  called  for 
in  any  one  sieason.  The  ultimate  result  would  be  absolute  control  oi 
the  river  between  permanent  barriers  defining  its  course. 

Oontrd  of  Meanders. — Emergency  methods  of  control  of  meanders 
and  of  the  direction  of  the-  channel,  used  oh  the  Colorado,  are  simple 
and  comparatively  inexpensive,  and  may  be  applied  by  settlers  to  the 
temporary  protection  of  their  riparian  lands.  The  writer  had  occasion 
to  resort  to  these  methods  in  January,  1913,  for  preservati-on  of  the 
flow  of  water  through  the  intake  of  the  Palo  Verde  Valley  irrigation 
system. 

The  Palo  Verde  intake  is  cut  through  a  rode  prbjeetion  into  the 
lower  paxt  of  a  wide  bend  in  the  river.  The  river  developed  a  tendwicy 
to  cut  across  the  bend  by  the  chord  of  the  meander  arc,  and,  if  un- 
checked, the  channel  would  shift  toward  the  Arizona  shore,  and  leave 
a  wide  bar  in  front  of  the  intake^  This  tendency  was  shown  in  the 
cutting  away  of  the  nose  of  a  bar  that  extended  from  the  Arizona  or 
eastern  shore  to  about  the  middle  of  the  bend,  and  it  was  necessary 
that  the  bar  should  be  maintained.  This  was  accomplished  by  driving 
posts  and  placing  fascines  and  sand  bags  on  the  point  of  the  bar. 
A  fascine  jetty  was  built  out  from  the  Arizona  bank,  1^  miles  above 
the  bar,  and  pointing  down  stream  at  an  angle  which  would  direct 
the  current  into  the  bend  above  the  intake.  The  cost  of  this  work  was 
small,  and  the  effect  was  all  that  was  required.  The  channel  was  kept 
in  the  bend  close  to  shore,  and  the  supply  of  water  through  the  intake 
was  assured  for  the  season. 

By  similar  means,  when  the  river  begins  cutting  the  bank  and 
threatening  destruction  to  lands  or  levees,  a  bank-caving  current  may 
be  converted  readily  into  a  silt-depositing  eddy.  Fascine  jetties — rows 
of  driven  posts  with  bundles  of  brush  placed  between  th^n  and 
anchored  with  sand  bags — may  be  built  quickly  by  the  farmers,  and 
danger  may  be  averted  if  detected  early  and  if  the  remedy  be  ai>pUed 
at  the  first  indication  of  trouble.    Such  temporary  defences  are  avail- 
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able  in  advance. of  the  permanent  system  of  proteetion,  consisting  ^  ^J^ 
levees,   railroad   tracks,   and   rock   revetment,   and   may  be  bnilt  by 
intelligent  farmers  without  the  aid  of  engineers. 

Levee  Construction. — The  writer  did  not  participate  in  the  ex- 
haustive discussion  of  the  relative  merits  of  river-side  and  land-side 
borrqw-pits  in  levee  construction  on  the  Ccdorado,  which  followed  the 
failure  of  GoL  Ockerson's  levees  and  was*  carried  on  recently  by  many 
engineers  in  the  technical  press.  The  subject  having  been  reopened 
by  Mr.  Cory  and  Mr.  Sellew,  however,  it  seems  pertinent  to  call  at- 
tention to  a  few  facts  which  have  been  overlooked  or  ignored  by  both. 

Mr.  Cory  explains  clearly  and  correctly  the  failure  of  the  levee 
below  the  Hind  Bam  in  December,  1906,  which  was  due  solety  to  the 
absence  of  a  mudcr^tch  under  the  levee.  He  gives  reasons  for  the 
omission  of  the  muck-ditch,  chief  of  which  was  the  supfposed  necessity 
for  confining  expenditure,  as  closely  as  possible,  to  the  repair  of  the 
break.  Mr.  Gory  says  tiie  desirability  of  muck-ditching  was  fully  . 
realized,  and  it  was  a  part  of  thid  original  design,  but  because  levees 
had  been  built  without  muck-ditches  on  the  Colorado,  and  some  one 
advanced  the  theory  that  a  cracked  adobe  foundation  would  be  made 
tight  by  priessure  when  wet,  thie  vital  necessity  of  niuck-dit<diing  was 
not  recognized,  and  the  buildere  of  the  levee  decided  to  "take  a 
chance."  The  theory  of  the  closing  of  adobe  cracks  proved  unsound.. 
Water  followed  the  cracks  under  the  levee  and  caused  the  break; 

Mr.  Sellew  admits  that  water  did  go  under  the  levee  because  of  ihe 
absence  of  a  muck^ditch,  but  he  contends  that  **the  damage  caused 
by  a  head  of  16  in.  against  the  levee  was  due  primarily  to  the  presence 
of  land*side  borrow-pits.?* 

The  borrowpits,  3  ft.  deep,  were  separated  from  the  levee  by  a 
berm  40  ft.  wide,  and  it  is  manifestly  absurd  to  assert  that  there 
could  be  any  relation  between  the  pits  and  a  154n.  head  against  the 
levee.  The  pressure  angle  of  the  greatest  head  against  any  levee  on 
tihe  river  would  not  reach  the  pit.  According  to  Mr.  Sellew's  theory, 
an  inside  borrow-pit  i  mile  back  of  the  levee  would  increase  the  static 
head  and  cause  failure  of  the  work.  Mr.  Gory  left  an  opening  for 
attack  when  he  said  the  increased  total  head  was  "the  only  pertinent 
objection  to  land-side  borrow-pits."  Experience  has  demonstriated, 
however,  that  the  objection  is  impertinent,  irrelevant,  and  immaterial.- 
No  land-side  borrow-pit  levee,  properly  muck-ditched,  6n  the  Colorado, 
has  been  broken  or  even  damaged  by  the  river,  but  every  river-side 
borrow-pit  levee  has  been  breached  or  destroyed,  and  every  flood  season 
since  levees  were  first  built  on  the  river  has  seen  a  strenuous  fight  to 
maintain  them.  The  river-side  borrow-pits  are  invitations  to  the  river 
to  side-wipe  the  levees  with  currents  of  eroding  velocity,  and  a  levee 
not  blanketed  heavily  with  gravel,  or  rip'-rapped  with  rock  or  mat- 
tresses, melts  away  like  a  bank  of  salt.    Every  levee  breach  has  been 
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M^    caused  by  current  erosion,  not  by  static  head  or  pressure.    No  levee  hsa 
*  been  pushed  over  by  the  river, 

"Last  Word"  on  Borrow-Pits, — Quoting  from  Mr,  SelleVs  dis- 
cussion, page  1482: 

"Kegarding  the  advantages  and  disadvantages  of  land-side  and 
river-side  borrow-pits,  the  writer  has  fully  expressed  himself,  so  that  it 
is  not  necessary  to  comment  further.  Particularly  is  this  so  when  the 
author  [Mr.  Cory]  states  that  he  'realized  that  this  [land-side  borrow- 
pits]  was  not  in  accordance  with  the  usual  practice.' " 

The  implication  that  Mr.  Cory  confessed  judgment  against  the 
land-side  borrow-pit  and  yielded  every  point  to  Mr.  Sellew  in  the 
argument,  seems  to  the  writer  no  more  than  a  verbal  quibble.  A  prac- 
tice may  be  ''usual"  and  still  not  the  best  possible  under  all  conditions. 

Doubtless  there  is  satisfaction  in  the  belief  that  one  has  routed 
all  opponents  in  argument  and  said  the  last  word  on  a  debated  sub- 
jeict,  but  it  does  not  appear  to  the  writer  that  any  one  of  the  eminent 
engineers  engaged  in  the  borrow-pit  discussion  has  warrant  for  "laying 
that  flattering  unction  to  his  soul." 

It  might  be  inferred  from  Mr.  Cory's  statement,  that  the  land-side 
borrow-pit  method  of  constructing  the  C.  D.  Co.  levees  in  19P6'07  was 
"decided  on  after  careful  consideration  of  the  advantages  and  dis- 
advantages," that  there  was  doubt  on  the  subject  in  the  minds  of  the 
men  on  the  job.  The  matter  may  have  been — in  fact  was — debated 
persistently  by  the  "innocent  bystanders,"  but  there  never  was  any 
(luestion  of  methods  in  the  minds  of  the  railroad  "firing-line"  en- 
gineers having  direct  charge  of  construction.  It  is  and  has  been  for 
years,  not  only  the  usual  practice,  but  the  invariable  rule  of  railroad 
engineers  in  the  West,  that  nothing  between  an  embankment  and  a 
river  shall  be  disturbed.  The  protection  afForded  by  earth  in  place 
and  by  trees  and  brush  must  be  maintained  intact*  That  was  why  the 
land-side  borrow-pit  system  of  construction  was.  adopted  as  a  matter 
of  course.  It  was  followed  until  the  bystanders,  tired  perhaps  of 
being  innocent,  got  themselves  appointed  as  a  "consulting  board"  and 
after  two  attempts  succeeded  in  getting  an  imperative  order  from 
financial; headquarters  to  the  engineers  on  the  job  to  conform  to  the 
usual  practice  of  the  levee  builders  on  the  Yuma .  Project.  Had  they 
succeeded  earlier,  the  levee  could  not  have  b^n  built  at  all  during  the 
flood  period.  From  the  moment  the  water  came  over  the  river 
bank,  work  of  any  sort  on  the  river  side  of  the  levees  was  impossible. 
Experience,  in  raiboad  construction  and  maintenance  in  regions 
subject  to  floods,  in  the  building  of  dams  and  levees  in  the  Delta  of 
the  Colorado  and  in  the  Palo  Verde  Valley,  and  in  the  control  and 
maintenance  of  irrigation  canals  of  large  capacity,  has  left  the  writer 
in  no  doubt  concerning  the  •  essential  principles  of  levee  construction 
on  the  Lower  Ci)lorado  River. 
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The  first  requisite  pertaining  to  the  location  of  a  levee  in  this  Mr. 
region  is  a  careful  underground  survey  to  determine  the  sort  of  - 
material  to  be  encountered  in  excavation  for  muck-ditches.  Large 
deposits  of  unfit  material,  such  as  adobe,  heavily  alkaline  soil,  and  cer- 
tain kinds  of  sand,  must  be  avoided  by  detours.  Seepage  is  the  only 
factor  detrimental  to  the  land-side  borrow-pit  plan,  and  that  is  to 
be  eliminated  by  the  muck-ditch.  The .  theoretical  additional  head 
against  the  levee,  due  to  a  borrow-pit  40  ft.  in  the  rear  of  the  levee, 
is  a  negligible  factor.  Under  conditions  actually  encountered  on  the 
Colorado,  there  is  not  any  additional  head,  either  in  fact  or  in  theory. 
That  objection  to  the  land-side  borrow-pit  is  not  even  theoretically 
plausible. 

Essential  Features, — The  essential  features  of  efficient  levee  con- 
struction on  the  Lower  Colorado  are:  location  avoiding  bad  gro\md 
and  careful  muck-ditching  to  exclude  seepage;  land-side  borrow-pits, 
leaving  all  natural  protection  on  the  river  side  undisturbed;  gravel 
blanket  to  resist  erosion  and  to  minimize  attacks  by  burrowing  ani- 
mals; railroad  tracks  on  top  of  the  levee  to  facilitate  maintenance 
and  to  make  possible  the  protection  of  banks  and  levees  by  permanent 
rock  revetment. 

Mr.  Sellew  is  unquestionably  right  in  his  conclusions: 

"That  in  their  present  state,  the  levees  are  at  the  mercy  of  the 
meanders  of  the  stream,  except  throughout  those  portions  where  a 
railroad  occupies  the  levee  top";  and,  "That  bank  revetment,  perma- 
nent in  character  and  reasonable  in  cost,  when  compared  with  other 
methods,  can  be  readily  and  quickly  accomplished  with  rock  placed 
from  railroad  trains  operated  on  the  levee  tops  and  connecting  with 
existing  quarries  which  are  within  a  reasonable  distance." 

The  first  conclusion  is  sustained  by  the  history  of  all  the  Colorado 
levees,  and  the  correctness  of  the  second  was  demonstrated  clearly  in 
1907  by  the  holding  of  the  1 400-f t.  section  of  levee  against  the  attack 
by  a  flood  of  40  000  sec-ft.  at  the  time  of  the  last  closure.  The  per- 
manency of  rock  revetment  thus  constructed,  however,  depends  on  the 
placing  of  gravel  as  a  bed  for  the  rock.  That  is  a.  vital  detail  of  the 
method. 

In  rip-rapping  levees  and  reveting  the  banks  at  the  toes,  in  the 
opinion  of  the  writer,  grading  to  uniform  slope  is  not  only  unnecessary, 
but  inadvisable.  It  is  better  to  place  the  gravel  and  rock  on  the  natu- 
ral ground.  Setting  rip-rap  by  hand  on  the  face  of  a  levee  makes  a 
neat,  looking  job,  but  it  is  needlessly  expensive,  and  the  protection  is 
less  effective  than  that  secured  by  the  gravel  and  rock  method. 

Before  leaving,  finally,  the  subject  of  closure  of  the  crevasses  and 
the  preservation  of  Imperial  Valley  in  1906-07,  the  writer  desires  to 
put  on  record  the  fact  that  the  accomplishment  of  the  work  was  due 
primnrily  and  exclusively  to  the  independent  judgment  and  courage 
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Mr.  of  Mr.  Hammaiiy  who  persisted  in  his  belief  that  the  breaks  could  be 
closed,  and  his  determination  to  close  them  in  the  face  of  opposition, 
and  regardless  of  the  i>08itive  assertions  of  a  host  of  eminent  engineers 
that  closure  was  a  physical  impossibility. 

Submerged  Weir, — ^Mr.  Odry  has  described  briefly  the  submerged 
rock  weir  placed  across  the  river  at  the  intake  of  the  Imi)erial  Valley 
Canal  in  the  summer  of  1910,  and  has  mentioned  its  unexi)ected  sta- 
bility and  durability.  Mr.  Sellew  does  not  discuss  the  weir  or  its 
effects  directly,  possibly  because  he  did  not  view  its  construction  with 
favor,  but  his  comment  on  Mr.  Cory^s  statement  concerning  the  perma- 
nency and  efficacy  of  rock  fill  in  the  crevasses  has  bearing  on  the  sub- 
ject.   Of  the  rock  fill  Mr.  Sellew  says: 

"How  it  would  act  as  an  overflow  weir,  carrying  150  000  sec-ft., 
even  if  covered  with  concrete,  is  problematical.  In  addition  to  a  con- 
crete top,  crest  and  foot-walls  appear  to  be  necessary  to  prevent  the 
top  from  being  undermined,  and,  if  these  are  provided,  the  resulting 
structure  will  not  differ  materially  from  Laguna  Dam  either  in  design 
or  cost,** 

This  is  a  case  in  which  accomplished  facts  fail  to  justify  specula- 
tive theory,  and  it  appears  to  be  in  order  for  the  writer,  as  the  builder 
of  the  weir,  to  state  the  facts  and  show  the  actual  effects  of  the 
installation. 

Construction  of  the  weir  was  necessary  because  of  the  recession  of 
the  bed  of  the  river,  following  the  diversion  of  all  its  flow  into  the 
Abejas  channel,  and  because  of  the  lack  of  a  powerful  dredge  to  keep 
the  floor  of  the  1  900-ft.  intake  from  the  river  to  Hanlon  gate  as  low  as 
the  sill  of  the  gate.  The  discharge  of  the  river  was  diminishing,  and 
danger  of  complete  diversion  of  the  channel  from  the  intake  was  immi- 
nent. The  placing  of  a  weir  to  check  recession  and  direct  the  current 
was  the  only  practicable  rapid  method  of  returning  the  water  to  the 
canal  and  saving  a  $6  000  000  crop  in  Imperial  Valley.' 

A  trestle,  960  ft.  long,  composed  of  four-pile  bents,  15  ft.  between 
centers,  was  built  across  the  river,  below  the  intake,  to  the  Arizona 
shore,  at  an  angle  of  approximately  70**,  the  Arizona  end  being  the 
farther  up  stream.  Caps,  stringers,  ties,  and  rails  were  placed  on  the 
structure,  and  steam-shovel  rock  from  the  adjoining  quarry  was  dumped 
from  the  trestle  and  spread  tb  a  width  of  50  ft.  ISTo  brush  at  all  was 
used,  and  no  derrick  rock  was  dumped.  As  the  weir  was  designed  to 
be  temporary,  no  gravel  was  placed  either  before  or  with  the  rock. 
The  discharge  of  the  river  during  the  progress  of  the  work  was  about 
9  000  sec-ft. 

The  weir  was  constructed  in  21  days,  at  a  cost  of  $22,500,  of  which 
amount  $4  000  was  recovered  in  salvage  of  rails,  ties,  stringers,  and 
caps.  The  quantity  of  rock  used  was  12  800  cu.  yd.,  of  which  9  600 
cu.  yd.  were  placed  in  the  weir,  the  rest  being  used  to  revet  the  ba:nk8 
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and  raise  a  spur  track  above  the  high-water  mark  of  1909.    The  angle    Mr. 
of  the  weir  to  the  current  served  to  point  the  channel  to  the  California 
shore/ and  also  served  other  purposes  familiar  to  "firing-line"  railroad 
engineers. 

The  weir  arrested  the  recession  of  the  river  bfed,  turned  the  water 
into  the  intake,  averted  a  water  shortage  in  the  Imperial  irrigation 
system,  and  saved  to  the  farmers  of  Imperial  Valley  crops  worth 
$6  000000  or  $7000  000:  Also,  the  successful  construction  and  opera- 
tion of  the  weir  demonstrated  that  the  farms  of  Yuma  Valley,  dried 
out  and  virtually  abandoned  for  6  or  6  years,  could  have  been  watered 
at  small  expense,  and  could  have  produced  and  marketed  crops  to  the 
value  of  $1 000  000  a  year  while  awaiting  the  completion  of  those 
great  engineering  monunients,  the  Laguna  Dam  and  the  Oolorndo 
River  Siphon.  It  is  evident  that  the  lands  of  Yuma,  Cibola,  and 
Parker  Valleys  can  be  provided  with  "^ter  by  the  construction  of 
weirs,  and  brought  under  cultivation  at  nominal  expense. 

Although  the  piling  of  the  trestle  was  cut  off  above  the  rock  fill 
and  removed  in  the  spring  of  1911,  the  rock  weir  remained  in  place. 
How  such  a  fill  would  stand  an  overpour  of  150  000  sec-ft.,  even  with- 
out a  concrete  top,  is  not  problematical  in  atiy  sense.  The  weir  at  the 
intake  has  endured  two  freshets,  one  of  150  000  se<J-^ft.  and  the  largest 
on  record,  and  it  still  remains.  It  has-  neither  crest,  core,  nor  foot- 
wall  of  concrete,  and  it' is  not  covered  with  concrete,  but  its  top  has 
not  been  undermined.  It  differs  radically  and  widely  from  Laguna 
Dam  in  design  and  cost,  but  its  function  is  the  sslme.  A  permanent 
rock-fin  weir,  built  with  gravel,  large  rock,  and  Steam-shovel  rock,  and 
having  a  cross-section  width  of  200  ft.  on  the  bottom,  certainly  would 
stand  any  oveypour  that  the  Colorado  could  muster,  and  its  cost  would 
be  comparatively  smalL 

Useless  Dredging. — ^Although  the  work  of  a  dredge  in  the  intiake 
above  the  concrete  gate  was  of  material  aid  in  getting  an  adequate 
supply  of  water  to  the  canal,  the  writer  cannot  concur  in  the  opinion 
that  the  operation  of  the  dredge  Imperial  below  the  gate  was  of  the 
slightest  eMcacy  or  value  at  any  time.  The  dredge  has  dug  a 
hole  below  the  gate;  the  hole  has  been  filled  ynth  sand;  the  dredge  has 
dug  it  again,  and  so  on  in  one  continuous  round  of  costly  futility,  like 
the  labor  of  Sisjrphus.  Had  the  Imperial  been  placed  above  the  gate, 
it  would  have  been  useful.  When  the  banks  of  llie  Alamo  channel, 
constituting  the  main  calnal,  had  been  raised  and  strengthened  to 
carry  safely  a  large  fiow,  the  discharge  of  from  2  500  to  S  000  sec-ft. 
through  the  gate  solved  the  problem  of  water  supply  for  the  valley 
canal  system.  In  an  hour  and  a  half  2  600  ft.  of  water  sluiced  sand 
from  the  canal  below  the  gate  to  the  depth  of  1  ft.  The  Alamo  Canal 
is  an  efficient  channel  for  6  miles  below  the  gate,  when  carrying 
2  000  sec-ft.  or  more,  and  dredging  is  wholly  useless. 
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MP.  When  the  writer  took  charge  of  work  on  the  C.  D.  Co.  system,  he 

^  ^*  found  two  large  dredges,  the  Delta  and  Oamma,  at  work  in  the  main 
canal  at  an  operating  cost  of  $9  000  a  month.  The  dredges  were  use- 
ful in  straightening  the  course  of  the  Alamo,  cutting  across  bends 
and  building  up  banks,  but  when  they  operated  in  the  canal  to  remove 
silt  and  sand,  they  only  moved  a  hole  up  and  down  stream.  Careful 
instrumental  observations  and  cross-section  surveys  showed  that  the 
floor  of  the  canal  b^nd  a  dredge  was  at  the  same  level  as  before 
the  dredge  reached  it. 

The  writer  put  the  dredges  out  of  commission  and  tied  them  up, 
thereby  saving  $9  000  a  month.  It  is  doubtful  if  a  dredging'  barge, 
occupying  more  than  one-third  of  the  width  of  a  canal  carrying 
Colorado  Biver  water  (laden  heavily  with  silt  and  sand),  can  be 
operated  efficiently  to  remove  deposits. 

The  removal  of  quicksand  from  the  Imperial  canals  is  a  problem 
to  be  solved  by  the  managers  of  the  main  supply  system.  Sand  in  tiie 
canals  of  the  Mutual  Companies  constitutes  a  menace^  and  is  a  cause 
of  great  increase  in  maintenance  expense..  The  d^osit  of  sand  in 
these  canals  and  in  farmers'  laterals  is  avoidable.  Doubtless  a  small 
percentage  of  sand  brought  tiirough  the  head-gate  is  removed  by  the 
Imperial,  but  all  of  it  could  be  removed  more  economically  by  other 
means  at  the  lower  end  of  the  Alamo  main,  and  it  is  obviously  the 
business  of  the  C,  D.  Co.'s  Keceiver  to  take  care  of  that  sand  instead 
of  sluicing  it  out  upon  the  valley  farms. 

Summary, — The  writer  has  endeavored  to  make  dear,  by  statement 
of  fact  and  description  of  work  accomplished,  that  there  is  no  abstruse 
problem  involved  in  placing  the  Lower  Colorado  under  control  and 
confining  its  floods  to  a  determined  course.  , 

The  meanders  of  the  river  are  subject  to  direction  by  simple  and 
inexpensive  means,  the  current  at  the  early  stage  of  its  wandering 
tendency  responding  as  readily  to  the  guiding  hand  as  does  a  bridle- 
wise  horse  to  the. touch  of  rein  upon  the  neck. 

The  permanent .  revetment  of  the  banks  has  been  demonstrated  to 
be  comparatively  easy  of  accomplishment  by  methods  familiar  to,  and 
applied  by,  railroad  engineers  in  the  West  for  many  years. 

That  a  railroad  on  the  top  of  a  levee  is  indispensable  to  main- 
tenance and  to  application  of  the  rock-fill  method  of  bank  revetment 
has  been  shown  conclusively,  by  experience.  ,  Costly  experience  has 
proved  the  unwisdom  of  removing  any  natural  protection  from  the 
berm  on  the  river-side  of  a  levee,  and  has  established  the  correctness  of 
the  railroad  "firing-line"  practice  in  the  construction  of  embankments 
along  streams,  particularly  those  flowing  through  regions  of  alluvial 
formation. 

Submerged  weirs,  to  raise  the  bed  of  the  river,  arrest  the  recession 
of  scour  planes,  and  divert  water  with  certainty  and  safety  into  canal 
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intakes,  may  be  built  as  permanent  stnictureis  by  the  simple  and    Mr 
inexpensive  method  of  dumping  gravel  and  Tock  from  trestles,  without 
placing  any  crest  or  core-walls,  or  using  a  .i>ound  of  cement. 

The  operation  of  dredges  for  the  removal  of  sand  from  main  irriga- 
tion canals  is  ineffective  and  a  waste  of  money  where  water  can  be 
carried  in  large  volume  at  sluicing  velocities. 

U.  S.  Marshall,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr. 
author's  statements  regarding  the  very  unfavorable  soil  report  on  the 
Imperial  Valley,  issued  by  the  IT.  S.  Department  of  Agriculture  (which 
actual  results  have  proven  to  be  unjustified),  and  the  belief  repressed 
that,  had  this  soil  report  been  issued  before  the  reclamation  of  the 
valley  was  well  under  way,  the  effect  would  have  been  a  complete 
condemnation  of  the  project,  are  serious  matters  and  worthy  of  most 
attentive  consideration.  The  writer  has  had  similar  experience,  and 
has  no  doubt  that  many  others  interested  in  reclamation  work  have 
encountered  this  same  bugaboo  of  an  adverse  Government  soil  report. 
It  is  certainly  the  duty  of  the  U.  S.  Bureau .  of  Soils  to  rectify  some 
of  the  wrongs  done  to  different  parts  of  the  country  through  adverse 
reports  on  various  soil  typ^es.  The  writer  knows  of  no  case  where  this 
has  been  done  in  a  way  which  has  had  any  practical  effect. 

The  object  of  a  soil  survey  should  be  to  determine  what  the  land 
iis  adapted  to  and  what  methods  of  cultivation  are  indicated  and  re- 
quired. The  findings  of  a  survfey  should  be,  by  all  means,  of  a  con* 
structive  and  not  of  a  destructive  nature,  and  the  chief  purpose  should 
be  to  find  some  beneficent  use  for  the  soil  surveyed.  Any  report  that 
condemns  a  soil  type  as  worthless,  unless  based  on  the  most  thorough 
investigation,  necessarily  does  a  most  serious  and  inestimable  injury 
to  the  area  reported  on. 

It  should  be  the  office  of  the  Government  to  encourage  the  develop- 
ment of  waste  land,  but  certainly  some  of  the  soil  reports  would  dis- 
courage even  a  preliminary  investigation  of  the  areas  in  question. 
Because  of  the  usual  high  respect  for  Government  experts  and  their 
disinterested  attitude  in  such  matters,  their  statements,  official  and 
otherwise,  are  generally  taken  as  expressions  of  ultimate  facts,  and 
unimpeachable  as  to  the  conditions  of  the  soils  reported  on.,  However, 
in  the  West,  to-day,  there  are  notable  cases  of  great  districts,  with 
proven  agricultural  value,  which  were  condemned  by  the  Government 

Bureau  of  Soils. 

The  writer's  experience  with  an  adverse  soil  report  will  serve  as 
another  example,  supporting  these  statements.  While  one  of  the  engi- 
neers was  making  a  report  on  a  proposed  60  OOO-acre  levee  reclamation 
project  in  the  Sacramento  Valley,  California,  on  which  it  was  esti- 
mated $2  000  000  would  be  spent  for  levees  and  drainage  works,  the 
fallowing  developed: 
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Mr.  The  project  had  advanced  to  the  point  where  the  parties  who  were 

Marshall.  ^  finance  it  had  paid  for'  26  000  acres  of  the  land  involved,  and  plans 
were  being  hurried  for  the  reclamation-  works,  when  the  U.  S. 
Department  of  Agriculture's  "Soil  Survey  of  the  Marysville  Area, 
California,"  was  called  to  the  attention  of  one  of  the  several  repre- 
sentatives of  the  purchaser.  This  report,  issued  in  1911,  was  the  work 
of  Messrs.  A.  T.  Strahom,  W.  W.  Mackie,  H.  L.  Westover,  L.  C. 
Holmes,  and  Cornelius  Van  Duyne,  and  on  page  30  contained  the 
following  cooiment  regarding  that  part  of  the  area  in  which  this 
project  was  located: 

"When  protected  from  overflow  by  levees,  this  soil  will  be  saturated 
for  some  portion  of  each  year  on  account  of  the  high  water  level,  out- 
side the  levees.  Extensive  drainage  ditches  and  pumping  plants  would 
remedy  this  to  a  considerable  extent,,  but  to  keep  down  the  level  pf 
the  water  table  for  such  extensive  areas  would  be  very  expensive,  and 
only  the  most  profitable  crops  would  justify  the  expense.  The  physical 
condition  of  the  soil  is  about  as  unfavorable  as  it  possibly  could  be, 
owing  to  water-logged  condition  and  consequent  nonaeration.  Should 
the  type  ever  be  thoroughly  protected  from  inundation,  thie  agri- 
cultural value  of  the  section  will  probably  depend  upon  the  intro- 
duction of  crops  suitable  only  to  low,  moist  land  that  will  yield  a- 
considerable  return  for  the  labor  and  money  invested, 

"The  following  table  gives  the  results  of  a  mechanical  analysis  of 
a  sample  of  the  soil  of  this  type  [amounts  given  in.  percentage  by 
weight]: 


Fiue 
gravel. 

Coarse 
sand. 

Medium 
sand. 

Fine 
sand. 

Very  fine 

SiMld. 

Silt. 

Cfay. 

0.0 

0.5 

0.7 

3.4 

1.8 

41.0 

52.7'' 

This  report,  coming  from  the  Government,  and  obviously  un- 
biased, seemed  to  this  representative  to  be  a  solar  plexus  blow  to  the 
project,  and  he  felt  that  the  purchaser  had  been  misled.  The  parties 
effecting  the  sale  felt  that  their  reputation  was  in  jeopardy.  .  They 
had  never  seen  the  soil  report,  but  were  positive,  because  of  actual 
results,  that  the  soil  was  very  productive.  The  engineers  w^re  censured 
for  failing  to  bring  the  report  to  the  attention  of  the  parties  inter? 
ested,  and  it  seemed  certain  that  the  whole  project  would  f all  througL 

In  an  effort  to  re-establish  confidence,  a  large  number  of  repre- 
sentative farmers,  experienced  in  handling  bottom  lands,  were  taken 
over  the  area  and  asked  to  pass  judgment  on  the  soil.  All  agreed 
that  any  land  supporting  a  heavy  tule  growth  was  valuable  when 
reclaimed,  as  much  of  this  identical  soil  which  had  been  re- 
claimed in  the  Sacramento  Valley  produces  great  crops.  Much  of  the 
land  in  this  area,  however,  is  not  covered  with  tides,  and  these  bottom- 
land farmers  would  not  vouch  for  it  bec9.use  they  could  see  no  native 
tule  growth,  which  was  the  basis  for  their  conclusions.:   In  this  diflSr 
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avlty  the  writer  had  rebourse  to  the  United  States  Gkxvemment  surveys  .jJJJ'-j, 
made  in  1854  and  1864.  In  these  notes  freqttent  reiference  was  made 
to  tule  growth  enoonntered.  On  platting  these,  a  map  was  obtained 
showing  that  the  tule  growth  in  1864  covered  neal*ly  the  whole  of  the 
area  in  question.  This  was  accepted  as  convincing  proof  of  the  conti- 
nuity of  soil  type,  and  the  purchaser  wfts  reassured  to  the  extent  that 
reclamation  i&  now  going  on. 

There  will  thus  be  created  for  the  community  a  vast  acreage  of 
exceptionally  productive  ground  which,  had  it  been  impossible  to  off- 
set the  adverse  report  of  the  soil  experts,  would  have  continued  a 
worthless  expanse  of  duck  marsh,  and  the  reputation  of  many  men 
of  high  standing  would  have  been  shattered  and  confidence  in  their 
integrity  and  ^*udgment  lost.  Further  to  re-establish  the  reputation 
of  the  land  and  prove  the  mistaken  character  of  the  soil  report  in 
question,  comparisons  were  made  with  the  "feoil  Survey  of  The  Wood- 
land Area,  California,"  by  the  U.  S.  Department  of  Agriculture. 
This  area  adjoins  that  of  Marysville,  and  was  reported  on  by  Messrs. 
C.  W.  Mann,  J.  F.  Warner,  H.  L.  Westover,  and  James  E.  Ferguson. 
The  soil  type  commented  on  so  adversely  in  the  Marysville  Area  is 
reported  on  as  follows  in  the  survey  of  the  Woodland  Area,  page  26: 

"Where  this  soil  type  is  protected  from  overflow  and  is  free  from 
alkali  it  is  adaptied  to  grain,  sorghum,  Egyptian  corn,  hay,  and  other 
forage  crops. 

"The  texture  of  the  soil  *  ♦  ♦  is  shown  in  the  following  table 
[by  percentages] : 


Fine 

Coarse 

Medium 

Fine 

Very  fine 

gi^avel. 

sand. 

sand. 

sand. 

sand. 

Silt. 

Clay. 

0.1 

0.7 

0.9 

3.3 

1.4 

41.2 

52.3'^ 

The  survey  of  the  Woodland  Area  was  made  prior  to  that  of  the 
Marysville  Area.  The  mechanical  analyses  of  the  two  soil  types  are 
identical.  In  reporting  on  the  Woodland  Area  there  could  have  been 
no  mistake  in  advising  on  its  adaptability  for  the  crops  mentioned, 
for,  at  the  time  the  survey  was  made,  the  land  was  producing  a  very 
heavy  alfalfa  crop. 

It  should  be  remepabered  that  all  information,  used  in  showing;  the 
original  Marysville  Area  report  of  this  soil  type  to  be  grossly  in  error, 
was  as  available  to  the  Government  soil  experts  as  to  the  writer,  and 
that  for  their  most  adverse  report  on  the  soil  in  question  there  is  no 
real  excuse.  Nevertheless,  as  it  was  obvipus  that  an  error  had  been 
made,  a  supplementary  report  revising  the  survey  of  certain  soils  in 
the  Marysville  Area  has  been  issued  by  the  Government,  in  which  the 
former  report  was  corrected  and  the  mistakes  excused  on  the  ground 
that  at  the  time  the  survey  was  made  the  soil  in  question  was  covered 
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with  water,  thereby  maiuDg  thorough  inTeBtisation  difficult!  Cer- 
tainly this  wea  reason  enough  for  failure  to  get  good  first-haud  data; 
but  why  should  a  report  be  made  condenmiog  many  thousands  of  acres 

of  land  on  such  fiimay  iaveBtigatJou  ? 

The  writer  dissents  from  Mr.  Sellew's  commentH  as  to  the  propriety 
of  including  the  discharge,  records  at  Tuma  prior  to  1903,  in  Table  3, 
All  available  data  should  always  be  given,  with  explanations,  and  thu^ 
permit  the  reader  to  draw  his  own  conclusions  according  to.  his  own 
experience    and    judgment.      Furthermore,    the    result  of   taking   the 
yearly  rainfall  for  the  entire  265  000  sq.  miles  of  water-shed  of  the 
Colorado  Kiver  as  the  combination  of  yearly  rainfalls  at  eight  different 
stations  scattered  over  the  water-sheds,  which  it  was  assumed  gave  a 
fair  average,  does  not  seem  to  be 
justifiable.      This    is    shown    by  <='"*''*''* ^'^^^^p 
platting  the  average  rainfalls  and 
yearly  run-offs,  as  given  by  Mr. 
Sellew   for   1903   to   1912,   as  in 
Fig.  88.     This  proves  that  there 
is  no  law  that   can  be  deduced 
connecting    yearly    rainfall    and 
run-off  totals  on  a  water-shed  as 
large    as    that    of    the    Colorado 
Kiver,  and  that  one  cannot  tell 
with  any  more  certainty  than  a 
guess    what    the    run-off    of    tiie 
Colorado  River  was  by  using  the 
rainfall  data  of  the  eight  rain- 
gauge  stations  selected. 

Therefore,  to  condemn  the 
dischfl]«e  records  at  Tuma  prior 
to  the  establishment  of  permar 
nent  gauging  stations  there,  as 
being  too  low,  because  they  do 
not  conform  closely  to  what  one 
might  expect  from  the  rainfall 
records  given,  in  the  writer's , 
opinion,    is    wrong.      The    early 

data  are  not  precise,  but  they  are  ^°-  ^^• 

Taluable  and  should  have  weight  in  the  consideration  of  the  problem. 

That  there  may  he  long  cycles  of  high  and  low  yearly  discharge 
of  rivers  is  well  established.  The  writer  calls  to  mind  some  investiga- 
tions which  he  made  into  the  past  levels  of  the  Great  Salt  Lake.  By 
inquiry  from  old  settlers  and  by  searching  records  it  was  found  that 
in  the  last  century  Great  Salt  Lake  had  two  cycles,  and  probably 
three,  of  extreme  high  and  extreme  low  water,  and,  according  to  such 
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experience,  the  lake  Bhould  be  high  at  this  time,  and  such  is  the  case.  Mr. 
The  lake  is  now  some  8  ft.  higher  than  it  was  at  the  time  of  the  con- 
struction of  the  Lucin  Gut-off  in  1902,  and  this  rise  has  taken  place 
in  spite  of  the  fact  that,  for  irrigation  purposes,  much  more  water 
than  formerly  is  now  being  diverted  from  the  rivers  emptying  into 
the  lake. 

H.  T.  doRY,  M.  Am.  Soo.  C.  E.  (by  letter).— The  writer  has  been  ^• 
surprised  and  greatly  iuterested  at  the  reception  of  this  paper  by  those 
connected  with  tlfxe  several  interests  involved.  Though  especial  effort 
was  made  to  be  fair  and  dispassionate  in  the  presentation  of  the  vari- 
ous features  of  the  :work  and  situation,  yet  so  much  bitterness  has  been 
engendered  between  many. of  the  various  agencies  in  the  development 
of  the  region  that  it  was  felt  impossible  to  write  anything  worth  while 
and  avoid  causing,  in  many  quarters,  a  feeling  of  unfairness.  The 
discussions  by  Mr.  Sellew  and  Mr.  Chaffey  contain  all  matters  of 
that  kind  of  which  the  writer  has  been  able  to  learn,  and  Mr.  Chaff ey^s 
discussion  deals  primarily  with  matters  concerning  which  the  writer 
at  no  time  had  any  personal  knowledge.  The  other  discussions,  nu- 
merous conversations,  letters  from  officials  of  the  Southern  Pacific 
Company,  of  the  United  States  Reclamation  Service,  of  the  Interior 
and  State  Departments  of  the  National  Government,  of  the  California 
Kailroad  (Public  Utilities)  Commission,  of  the  California  Develop- 
ment Company  and  most  of  the  Mutual  Water ,  Companies  in  Imperial 
Valley,  of  the  Imperial  Irrigation  District,  and  ffom  Mr.  Rockwood 
and  several  of  his  associates  in  the  project,  have  all  expressed  apprecia- 
tion for  the  f air^ess  of  ,  tlie  presentation.  In  several  cases  minor 
changes  in  wording  have  beein  suggested,  but  it  is  a  source  of  much 
pleasure  that  all  these  seemed  to  be  not  only  fair  but  an  improve- 
ment, and  every  one  of  these  changes  has  been  made. 

The  writer  must  confess  that  he  has  often  felt  very  pessimistic  and 
impatient  about  the  unreasonable  attitude  and  stubbornness  of  a 
prejudiced  man,  and.  therefore  such  a  result  is  most  interesting  and 
encouraging.  Possibly,  after  all,  niisunderstanding  is  responsible  for 
much  of  the  failure  to  appreciate  the  work  and  real  motives  of  others. 
At  any  rate,  this  is  a  striking  illustration  of  men  of  affairs  taking  a 
common  ground,  or  at.  least  a  tolerant  appreciation  of  others'  actions 
and  opinions,  when  all  the  facts  of  a  complex  situation  are  systemati- 
cally set  forth  in  an  apparently  fair  and  comprehensive  way,  even  with 
the  handicap:  of  strong  feelings  in  the  matter  based  on  partial  or  mis- 
leading inf,ormation*  .  If  such  better  understanding  will  result  in  less 
misapplied  energy  in  completing  the  work  thus  started,  the  writer's 
efforts  will  be  very  well  repaid. 

The  next  most  interesting  things  brought  out  by  the  discussions 
are  the  opinions  as  to  the  contents .  of  the  paper.     Mr.  Sellew  regrets 
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Mr.  that  the  record  of  engineering  operations  was  "partly  obscured  by  a 
*  mass  of  legal  and  financial  entanglements  which  properly  haye  no 
place  in  a  purely  engineering  article."     Mr.  Elwood  Mead,  on  the 
other  hand,  finds  that  this  same  obscuring  "mass  of  legal  and  finan- 
cial entanglements"  is  the  most  valuable  part  of  the  paper,  saying: 

"The  chief  value  of  this  paper,  however,  is  not  found  in  its  de- 
scription of  the  engineering  methods  used,  but  in  the  social  and  politi- 
cal conditions,  attending  irrigation  development  in  the  West,  which  * 
it  reveals.  ♦  ♦  ♦  as  these  are  fundamental  features  of  irrigation 
development,  it  is  that  portion  of  the  paper  which  the  writer  proposes 
to  discuss." 

Mr.  Buck  confines  his  discussion  largely  to  criticizing  sharply  Mr. 
Sellew's  view.  President  Swain,  in  his  annual  address  recently  deliv- 
ered before  the  Society,  urges  engineers  to  feel  that  their  duty  is  to 
study  and  deal  with  financial,  legal,  and  even  social  entanglements, 
and  not  those  only  of  physics  and  applied  mechanics.  The  views  of 
various  individuals  in  this  regard  are  no  doubt  characteristic  of  their 
respective  holders  and  the  result  of  their  life  experiences. 

Mr.  Bobson  has  added  a  more  detailed  study  of  the  evaporation 
at  the  Salton  Sea  and  shows  that  the  figures  given  in  the  paper  were 
somewhat  too  large,  surprisingly  small  though  they  seemed.  It  might 
be  well. to  point  out  that  the  coefficient,  0.6,  derived  by  Mr.  Robson 
for  6-ft,  pans  becomes,  by  Professor  Bigelow^s  formula,  0.49  for  4-ft. 
pans  and  0.4  for  2-ft.  pans,  in  estimating  the  evaporation  from  large 
water  surfaces  from  experimental  small-pan  data. 

Mr.  Knowles  expresses  the  feeling,  shared  by  many  engineers  as 
well  as  laymen,  that  reservoirs  on  the  head-waters  and  along  the  tribu- 
taries of  streams  subject  to  disastrous  floods  offer  the  best  means  of 
flood  control  in  theory,  and  oft-times  in  practice.  It  is  probable,  as  a 
matter  of  fact,  that  Messrs.  Knowles,  Sellew,  Grunsky,  and  the  writer 
are  not  far  apart  in  this  matter,  and  that  all  agree  that  the  extent  to 
which  such  methods  may  be  feasible  differs  with  each  stream.  Mr. 
Knowles  asks  for  data  relative  to  this  question,  but  it  is  believed  that 
those  presented  by  Mr.  Sellew  and  the  writer  are  all  there  are. 

Concerning  these  data,  however,  it  is  important  to  remember  that 
neither  Mr.  Sellew  nor  the  writer  has  any  personal  knowledge  of  the 
storage  possibilities  in  the  water-shed,  and  both  agree  that  the  avail- 
able published  facts  are  not  sufficient  to  determine  the  feasibility  of 
complete,  or  the  extent  of  practicable,  reservoir  control  of  the  Colorado 
River.  Consequently,  the  conclusion  reached  by  Mr.  Sellew,  as  a  re- 
sult of  his  analysis,  that  there  is  but  one  available  reservoir'  site-^ 
Browns  Park  with  a  capacity  of  2  200  000  acre-f t.— on  the  entire  Colo- 
rado River  water-shed,  is  not  only  startling  but  quite  unwarranted. 
Furthermore,  the  statement  that  "storage  on  the  Qila  is  out  of  the 
question,  as  this  stream  carries  more  silt  during  its  flowing  season 
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than  the  Colorado,"  is  quite  out  of  accord  with  the  opinions  of  his  Mr. 
superiors  in  the  U.  S.  Reclamation  Service,  as  the  Roosevelt  Dam  has  ^^' 
just  been  completed,  creating  a  reservoir  behind  it  having  a  capacity 
of  1 284  000  acre-f  t.  at  a  cost  of  $3  697  000,  according  to  the  first  item 
of  Table  23.  This  reservoir  is  on  the  Salt  River>  one  of  the  main 
branches  of  the  Gila,  and  has  all  the  latter's  essential  characteristics. 
As  a  matter  of  fact,  many  reservoirs  will  no  doubt  be  constructed 
on  the  Colorado  River  water-shed,  including  probably  the  Kremmling 
site,  in  spite  of  the  fact  that  at  present  it  "is  in  the  hands  of  inter- 
ests foreign  to  irrigation  or  storage  development,"  and  tliese  reservoirs 
will  have  considerable  beneficial  effect  in  reducing  fiood  flows;  it  is 
immaterial  whether  or  not  the  storage  possibilities  have  been  over- 
estimated, as  this  can  only  affect  the  extent  of  such  an  influence;  but, 
as  Mr.  Grunsky  says : 

"Whatever  this  may  be;  it  will  not  change  the  river  problem,  ex- 
cept as  to  its  magnitude.  ♦  ♦  ♦  The  same  lack  of  channel  capacity 
will  be  felt  at  high  stages  on  the  lower  river  as  is  felt  to-day,  and  the 
same  problem  of  keeping  the  delta  channels  of  the  river  on  the  Gulf 
slope  will  confront  the  river  engineers  of  the  future  as  confronts  those 
of  to-day,  except  only  that  there  will  be  somewhat  less  water  and  corre- 
spondingly less  silt  to  be  reckoned  with.'' 

This  is  especially  true  because  below  Yuma  the  river  is  practically 
a  "joint  track''  for  the  Colorado  and  the  Gila,  which  are  very  different 
types  of  streams,  but  each  at  times  alone  causes  approximately  equal 
maximum  flood  heights  from  Yuma  to  the  Gulf.  Of  course,  the  floods 
on  the  Gila  are  flashy  and  those  on  the  Colorado  are  long  sustained, 
but  that  does  not  signify  as  much  as  might  be  thought,  so  far  as  river 
control  is  concerned.  Fortunately,  severe  Gila  and  Colorado  floods 
never  occur  simultaneously. 

As  to  the  quantity  of  water — ^the  discharge  of  the  Colorado  at 
Yuma — ^the  writer  believes  that  thie  first  half  of  Table  3  should  be 
given,  agreeing  with  Mr.  Marshall  that  it  is  always  best  to  set  forth 
all  available  data,  with  explanations — as  was  done  in  this  case — and 
let  the  reader  decide  what  to  use  and  what  to  discard.  The  recorded 
discharges  prior  to  November,  1902,  are  by  no  means  as  reliable  as 
those  after  that  date,  but  that  does  not  mean  that  they  are  worthless, 
though  it  does  mean  that  they  must  be  used  with  care  and  discretion. 
In  this  matter  the  comments  of  Mr.  Grunsky  on  the  reliability  of  the 
measurements  taken  since  that  time,  especially  at  high  stages,  are 
very  pertinent. 

In  any  event,  it  seems  clear  that,  beginning  with  1905,  the  dis- 
charge of  the  river  has  been  markedly  greater  than  normal,  and  that 
long  periods  will  occur  when  the  discharge  will  be  markedly  less  than 
normal — as  is  pointed  out  very  well  by  Mr.  Marshall.     In  the  case 
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ifr.  he  mentions  the  water  is  within  4i  ft.  of  the  rail  base  on  miles  of 
*  the  very  expensivie  Lncin  Cut-off  crossing  the  Great  Salt  Lake,  and 
the  water  is  still  rising.  The  relationship  between  yearly  rainfall  and 
run-off,  even  on  very  large  water-sheds,  and  especially  if  few  widely 
scattered  points  be  taken,  is  by  no  means  constant,  as  Mr.  Marshall 
says,  and  as  the  writer  and  doubtless  many  others  have  learned  from 
time  to  time  to  their  discomfiture.  With  the  existing  data  it  is  not 
safe  to  decide  in  more  than  a  tentative  way  as  to  either  maximum  or 
minimum  quantities.  Mr.  Sellew's  maximum  figures  as  regards  river 
control  are  probably  fairly  close  to  the  truth,  but,  with  respect  to  the 
minimum  for  estimating  safe  irrigable  acreage,  caution  must  be  used. 
Fortunately,  it  will  be  at  least  another  decade  before  all  the  lands 
easily  covered  by  canals  in  these  regions  can  be  brought  under  com- 
plete cultivation,  and  the  dry  cycle  of  years  will  probably  be  well  under 
way,  so  that  the  safe  limit  of  land  which  can  be  served  by  the  natural 
flow  of  the  river  will  be  determined  in  time  to  avoid  excessive 
development. 

With  respect  to  the  rise  of  the  river  bed  at  Yuma,  Mr.  Sellew  is 
correct  in  the  opinion  that  much  more  information  is  necessary  before 
definite  relations  can  be  established  regarding  it.  The  Southern  Pa- 
cific Company,  however,  has  kept  gauge  heights  at  Yuma  since  1878, 
and  these  records  show  a  steady  rise  of  the  river  bed  (taking  averages), 
or  a  steady  increase  of  the  river  discharge.  The  reader  can  judge 
which  is  more  probably  occurring.  Also,  the  old  maps  on  record  in 
the  British  Museum,  in  archives  at  Madrid  and  Mexico  City,  and  in 
the  Bancroft  Library  in  the  University  of  California,  have  been  care- 
fully studied  by  Mr.  Godfrey  Sykes,  of  the  Carnegie  Institution,  in 
connection  with  this  very  matter,  and  the  final  figures  he  has  adopted 
(which  will  appear  in  a  volume  on  the  Colorado  Desert  by  the  Carnegie 
Listitution,  now  in  press)  check  well  with  the  "memory  of  a  steam- 
boat captain,"  Capt.  MeUon,  of  Yuma,  quoted  by  the  writer  in  the 
paper. 

Undoubtedly  the  difference  in  elevation  at  any  two  points  on  the 
river  will  change  as  the  length  of  the  river  between  these  points  is 
modified  by  meanderings  of  the  stream;  and,  also,  the  two  points, 
Laguna  Weir  and  the  conglomerate  hills  at  Yuma,  are  the  only  ones 
on  the  lower  river  which  may  be  regarded  as  definitely  fixed — as  was 
pointed  out  in  the  paper  and  again  by  Mr.  Sellew.  The  latter,  how- 
ever, has  mistaken  effect  for  cause  when  he  concludes  that  the  increase 
of  4  ft.  in  difference  of  gauge  height  of  the  river  at  Yuma  and 
liaguna  Weir  "is  plainly  caused  by  the  meanders  of  the  river"  between 
these  two  points.  This  stretch  of  river  had  a  normal  length  of  nearly 
14  miles,  from  1856  to  1909,  and  this  had  increased  to  17  miles  in 
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1912,  because  the. stream  had  lowered  at  Yuma  more  than  ^  ft.  as  m^. 
shown  by  the  diagram  Fig.  3  (for  reasons  set  forth  in  the  paper),  ^' 
though  no  change  is  possible  at  Lagxma  Weir.  The  stream  has  re- 
established its  normal  grade  per  mile  by  lengthening  itself,  and,  as 
the  bed  at  Yiima  rises  again,  a  corresponding  shortening  will  follow. 
It  would  seem  that  the  comments  in  the  paper  as  to  the  design 
and  methods  of  construction  of  the  Laguna  Weir  were  not  clear, 
either  to  Mr.  Sellew  or  Mr.  Grunsky.  Fig.  89  shows  diagrammatically 
a  cross-section  of  the  weir  as  built,  and  as  the  writer  proposes.  The 
resulting  structures  would  not  differ  in  function,  concrete  top,  crest 
or  foot  walls,  appearance  when  completed,  or  general  design  in  the 
sense  of  erpes-section  above  ground. 
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The  difference  is  in  the  omission  of  the  concrete  cross-walls  (which 
Were  very  expensive  in  time  and  money)  in  the  second  design,  and 
changes  in  method  of  construction  by  driving  the  river  sideways 
ahead  of  rock  and  gratel  filling  from  trestles,  and  thus  making  it  do 
all  the  excavation.  The  result  would  be  a  greater  yardage  of  rock 
in  the  structure.  But  the  total  cost  of  it  in  place,  including  excavation 
and  everything,  would  certainly  not  have  been  any  more  than  the 
costs  given  for  the  material  placed  in  closing  the  central  section  of 
the  weir — undoubtedly  it  would  be  materially  less  on  account  of  the 
much  more  favorable  conditions  and  the  larger  quantities.  The  figures 
given  by  E.  D.  Vincent,  M.  Am.  Soc.  C.  E.,  Resident  Engineer  on  the 
work,  and  quoted  in  the  paper,  are,  in  round  numbers,  $1  per  yard, 
made  up  of  the  following  items*: 


*  En{fineerin§f  News,  June  10th,  1909. 
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Mr.  Labor,  dumping  cars $0,020 

o«T-             Labor,  generaL..... , 0.020 

Sundry  supplies  and  implements 0,008 

Railroad  hauling 0.217 

Depreciation,  rolling  stock  and  track 0.062 

Excavation,  rock-quarrying 0.468 

Trestling : 0.149 

Proportion  of  storage  of  apron  rock 0.014 

Light  and  water 0.011 

Depreciation,  special  derricks 0.001 

Proportion  of  superintendence 0.032 

Overhead  charges,  Yuma  and  Washington  offices. .  0.038 

$1,040 

Assuming  the  total  quantity  of  rock  in  the  weir  proper  to  be  even 
twice  that  in  the  structure  as  built,  the  amount  required  would  be 
750000  cu.  yd.,  or  $750  000.  Concrete  facing  and  other  items  would 
hardly  increase  this  sum  to  $900,000.  As  built,  the  weir  proper  cost 
$1  672  168.20.  Mr.  Clarke's  comments  on  such  methods  of  construction 
are  very  pertinent. 

This  suggested  cross-section  and  method  of  construction  is  funda- 
mentally different  from  that  which  Mr.  Grunsky  mentions  as  recom- 
mending in  1896  for  a  low  dam  in  the  Colorado  in  Iceberg  Canyon — 
a  dam  to  be  constructed 

'^of  loose  rock  on  a  sand  foundation  by  blanketing  the  bed  of  the 
river  for  a  considerable  distance  up  and  down  stream  with  broken 
rock,  using  large  blocks  for  the  down-stream  portions  of  the  work, 
allowing  the  water  to  bury  these  as  deep  as  it  would,  ^nd  using  finer 
material  in  the  up-stream  face,  which  would  ultimately  be  made 
impervious  or  near^  so  by  the  river  silt." 

Such  cross-section  design  and  method  of  construction  is  of  course 
entirely  independent  of  Mr.  Grunsky's  suggestion  that  the  weir  top 
should  not  have  been  uniformly  high  but  have  had  a  section,  say  800 
ft.  long,  a  few  feet  lower  than  the  rest,  to  hold  the  river  in  a  definite 
position  above  the  weir  and  to  insure  sweeping  drift  of  whatsoever 
size  over  the  structure. 

Mr.  Clarke's  comments  on  "useless  dredging"  are  most  interesting — 
they  differ  materially  from  reports  made  by  those  who  recommended, 
built,  and  are  operating  the  dredge  Imperial  immediately  below  the 
Concrete  Head-gate.  It  seems  probable  that  this  dredge  has  not  en- 
tirely solved  the  silt  problem  in  the  Imperial  canal  system,  as  its  advo- 
cates have  enthusiastically  proclaimed.  Future  results  will  be  watched 
most  carefully. 

The  writer  regrets  that  he  did  not  make  clear  that  no  levee  failures 
were  caused  by  the  flood  of  December  7th,  1906,  on  that  portion  of 
the  Yuma  Project  built  under  Mr.  Sellew^s  direction,  for,  on  taking 
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charge  of  the  Project,  in  October,  1906,  Mr.  Sellew  at  once  ordered  vr. 
muck-ditching  under  all  new  levies.  This  had  not  been  done  before,  ^^^"^ 
and  there  were  two  failures  from  this  cause  opposite  the  Lower  Hei^d- 
ing  on  the  Project  levees,  as  stated  in  the  paper  and  illustrated  with 
a  photograph,  Mr.  Sellew  to  the  contrary  notwithstanding.  The  writer 
remembers  this  most  vividly,  because  his  original  design  of  levees  in- 
cluded thorough  muck-ditching,  which  was  peremptorily  ordered  cut 
out  as  an  avoidable  expense,  because,  up  to  that  time,  none  had  been 
done  in  building  the  levees  of  the  "JTuma  Project.  After  the  disaster 
due  to  the  flood  of  December  7th,  1906,  careful  examination  of  the 
damage  to  levees  on  both  sides  of  the  river  was  made  and  data  were 
collected  to  show  convincingly  those  not  on  the  ^'firing  line"  that,  with 
thorough  muck-ditching,  all  completed  levees  on  the  river  would  have 
been  effective,  and  the  two  failures  from  this  cause  on  the  Project 
levees  were  considered  very  significant.. 

The  writer  is  inclined  to  agree  with  Mr.  Sellew  that  the  second 
break  might  not  have  occurred  had  the  borrow-pits  been  on  the  river 
side,  because  of  the  peculiar  facts  of  the  short  duration  of  that  particu- 
lar flood  and  the  location  of  the  breaks  it  caused.  Nevertheless,  the 
levee  Would  have  failed  just  th^  same  in  the  iseVeral  places.  Also, 
muck-ditching  would  have  prevent^  all  trouble.  When  failure  occurs, 
future  construction  designed  with  special  reference  to  preventing  that 
type  of  failure  alone  is  most  unwise,  and  it  was  felt  that  a  failure 
similar  to  that  which  happened  with  the  extension  of  the  levees  built 
later  by  Mr.  Ockerson  would  be  quite  as  disastrous  as  though  caused 
by  lack  of  muck-ditching  or  anything  else.  The  design  adopted  was 
expected  to  prove  safe  from  both  these  dangers,  and,  thus  far,  has 
done  so  entirely. 

It  is  true  that  the '  recommendations  of  the  first  and  second  con- 
sulting boards  as  to  l6vee  construction  and  reconstruction  were  not 
followed — a  careful  reading  of  these  recommendations  and  of  the  paper 
will,  it  is  believed,  convince  the  reader  that  this  was  wise.  Especial 
attention  id  called,  for  example,  to  the  recommendation  on  page  1394 
to  comply  with  which  would  have  cost  $12  000  per  mile,  though  the 
total  cost  of  the  levees,  exclusive  of  gravel  blanketing,  was  consider- 
aibly  less. 

As  to  the  efficiency  6f  the  interrupted  or  checkerboard  system  of 
borrow-pits,  Mr.  Grunsky^s  observations  coincide  with  the  writer's,  as 
set  forth  in  the  paper.  There  is  no  doubt  that  some — even  though 
slight — additional  security  is  obtained^  The  question  in  any  case  to 
be  decided  is  whether  it  is  great  enough  to  justify  the  additional  cost. 
The  writer's  opinion  is  that,  as  the  materials  grade  more  and  more  into 
those  easily  eroded,  the  available  precautionary  measures  are,  in  their 
order  of  effectiveness:  river-side  borrow-pits  with  occasional  short 
traverses;   river-side  continuous  borrow-pits;   river-sido  dieckerboard 
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Mr.  borrow-pits;  land-side  borrow-pits;  hydraulic-dredge-built  levees,  as  de- 
*  scribed  by  Mr.  Grunsky;  and,  lastly,  blanketing  with  cementing  gravely 
concrete,  etc. 

The  effectiveness  and  cost  of  checkerboard  borrow-pits,  and  conse- 
quently whether  or  not  to  use  them,  must  be  determined  for  each  indi- 
vidual case.     With  those  soils  and  conditions  of  vegetation,  grade,, 
etc.,  where  they  will  afford  all  the  needed  added  security,  considerable- 
additional  cost  is  justified;  and,  where  this  is  not  the  case,  little  or 
no   additional  expenditures  for  them  is  wise.     Similarly,   as  to  the 
cost,  with  small  levees,  narrow  berms,  and  easily  handled  soil — so  that 
the  haul  is  of  miaximum  importance — the  additional  cost  as  a  percent- 
age will  be  greater,  and  vice  versa.    This  difference,  as  set  forth  in  the 
paper,  was  actually  determined  carefully  by  building  adjoining  sec- 
tions  of   levee  with  continuous   and  with   checkerboard  borrow-pits, 
using  half  of  one  camp  on  each  section  and  interchanging  men  and 
teams  daily.     Every  effort  was  made  to  secure   otherwise  identical 
conditions,  •  and  it  is  believed  with  unusual  success.     The  levee  was 
uniformly  8  ft., high,  10  ft.  wide  on  top,  slopes,  3  to  1,  berms  40  ft., 
borrow-pits  wit}i  6.0-ft.  traverses  eact  400  ft.  in  one  c^se,  and  100  ft, 
alternately  borrow-pits  a^id  undisturbed  i^  the  other,  depth  of  pits 
in  both  cases,  2i  ft.  at  levee  end  an(i  4.  ft.  at  inx  end-    The  material 
was  the  Colorado  Delta  silt  describ^,  i^t  length  in  the  paper.     The 
costs,  excluding  contractor's  profits,  were  found  to  be  19  and  26}  cents, 
respectively,  per  yard   of  embankment  in  place  on  copapletion ;   the 
settlement  was  very  slight.    This  is  in  the  ratio  of  100  to  135.6.    Mr, 
Sellew,  with,  essentially  similar  work,  done  under  normal  instead  of 
rush  conditions,  reports  the  costs  as  11  and  13  cents,  respectively — 
shop  costs   only — or  in  the  ratio  of  100  to  .118,     If  the  reader  is 
interested  as  to  the,  consistency  of  these  two  results,  he  can  compute 
the  average  haul  in  the  two  classes  of  borrow-pits  and  check  them  up. 
The  method  of  constructing  levees  by  hydraulic  dredges,  as  sug- 
gested by  Mr.  Qrunsky,  has  been  us^  to  a.  considerable  extent  on  the 
Sacramento   River,   although   the  material   from   the   muck-^itch   i^ 
there  usually  deposited  on  both  the  river,  and  land  sides  of  the  trench, 
and  the  hydraulic  fill  made  in  the  excavation  and  space  between  th^ 
two  banks.     The  soil  in  that  locality  is  such  that  it  does .  not  e^rode 
easily,  and,  more  often  than  not,  the  levees  are  located  on  the  river 
banks.     With   levees   set  well  back    and   with  the   shallow,   muddy 
Colorado,  it  is  very  doubtful  whether  such  methods  could  be  used 
successfully  for  levee  building  on  that  river.    Furthermore,  the  a.mount 
of  work  done,  especially  during  any  one  year,  will  probably  be  so  small, 
a^d  the  deterioration  and  cost  of  handling  a  dredge  on   the  lower 
river. so  great,  that  the  total  levee  cost  would  probably  be  much  higher 
than  by  the  present, methods.  .  ,  . 
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Mr.  Qrunsky  points  out  that  the  levees  along  the  river  have  not  Mr. 
yet  been  subjected  to  a  conclusive  test,  and  suggests  two  i)oints':  ^^^' 
seepage  under  the  levees  with  land-side  borrow-pits,  and  reasons  why 
the  levees  have  not  yet  needed  to  be  as  high  as  were  built.  As  to  the 
former:  miniature,  pin -head,  under-water  volcanoes  did  appear,  but 
their  nimiber  and  size  did  not  seem  to  be  large»  when  the  effective  head 
was  greater,  and  after  a  time  they  stopped  entirely.  In  not  a  single 
case  did  any  of  these  become  in  any  way  menacing.  Furthermoire, 
last  year  the  water-table  rose  above  the  ground  surface  behind  the 
Reservation  Levee  of  the  Yuma  Project  with  river-side  borrpw-pits, 
covering  a  considerable  area,  and  seriously  interfering  with  crops. 
The  action  is  a  rise  of  the  underground  water,  and,  not  seepage  under 
levee  structures. 

The  top  grade  line  of  the  levees  built  under  the  writer's  direction 
has  proven  to  be  higher  than  as  yet  required  because  of  the  abnormal 
overbank  flow  and  cutting  off  of  Nigger  Bend  in  1907  (as  pointed 
out  by  Mr.  Grunsky),  and  later  by  the  Abejas  Division,  which  did  lower 
the  river  at  Yuma,  as  shown  by  Fig.  3,  and  at  all  points  below  as 
far  as  the  diversion,  Mr.  Sellew  to  the  contrary  notwithstanding. 
Indeed,  it  was  this  lowering  at  the  Concrete  Head-gate,  which,  with 
silting  up  in  the  Imperial  intake,  caused  the  building  of  the  rock 
weir  a<;ross  the  river  at  that  point  in  1910,  as  commented  on  by  Mr. 
Clarke.  Nevertheless,  to  have  built  lower  levees  would  have  been 
taking  an  unjustifiable  risk.  This  is  shown  most  strikingly  by  what 
happened  with  the  levees  near  the  Abejas  Dam.  In  this  case  the  levee 
grade  was  fixed  by  reference  to  the  fresh  high-water  marks  of  the 
1909  flood  which  had  its  outlet  down  the  Abejas,  but  after  that  closing 
was  to  be  held  in  the  old  river  channel.  This  latter  did  not  sco;ur 
down  as  was  expected*  and,  had  the  levees  held,  they  would  have  been 
overtopped  in  the  vicinity  of  the  dam  by  a  100  000-sec-f t.  river  that 
summer.    Fig  90t  shows  the  situation  there. 

Mr.  Grunsky  believes  the  control  of  the  Colorado  between  perma- 
nently fixed  banks  should  not — at  least  for  a  long  time — ^be  projected 
beyond  some  agreed  point  near  the  Arizona  boundary  line,  and  in  this 
he  is  joined  by  the  Board  of  Keview  which  reported  on  the, failure  of 
the  Ockerson  levees,  the  writer,  and  most  of  those  who  have  been  on 
the  "firing  line.''  The  exceptions  are  Mr.  Ockerson  and  Mr.  Sellew. 
This  is  a  matter  of  judgment,  and  all  available  data  affecting  the 
matter,  for  which  a  place  could  be  made  in  a  paper  of  this  kind,  have 
been  given. 

Mr.  Follett  confirms  the  writer's  figures  of  land  slope  away  from 
the  river  banks,  and  suggests  the  desirability  of  ^  secondary  levee  from 

•  See  statement  by  Mr.  Ockerson,  Engineering  New»,  Dec.  7th,   1911. 
t  Taken  from  House  Document  604,  62d  Congress,  8d  Session. 
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Mr.  the  sand  hills  to  the  C.  D. 
Co.  levee,  where  it  is  a  mile 
away  from  the  river,  with  a 
gate  structure  where  the 
main  canal  is  crossed.  This 
idea  has  heen  given  careful 
consideration;  the  Board  of 
Beview  just  mentioned  has 
reported  that  the  money  such 
a  secondary  levee  of  defense 
would  cost  could  be  more  ju- 
diciously expended  on  the 
principal  levees  along  the 
river.  The  writer  agrees  with 
the  Board  of  Review  in  this. 
The  writer  is  surprised,  on 
re-reading  the  paper  on  re- 
ceipt of  the  discussions,  to 
find  that  80  little  had  been  said 
about  bank  protection  work. 
This  was  partly  the  result  of 
touching  as  lightly  as  possi- 
ble on  unsuccessful  river  con- 
trol work  done  by  others, 
partly  because  of  a  tacit  un- 
derstanding with  other  mem- 
bers of  the  Society  as  to  the 
contents  of  the  paper  and 
their  discussions  thereof,  and 
partly  because,  since  holding 
the  levee  embankment  on  the 
north  side  of  the  Second 
Break  in  January,  1907,  by 
gravel  and  rock  revetment, 
as  set  forth  in  the  paper  and 
in  Mr.  Clarke's  discussion,  the 
piDper  way  to  do  such  work 
has  seemed  obvious.  Messrs, 
Grunsky,  Hind,  Clarke,  Herr- 
mann, and  the  writer  went 
over  this  matter  together  in 
June,  1907,  and  agreed  as  to 
the  general  procedure  on 
the    lower    river — ^practically 
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that  ooncdsely  set  forth  by-  Mr.  Okirkevunder  the- beaduoj^ '^Gtotioi  of  Mr; 
the  ^Eirer.".  Mr.  Qrun^kjr  reported-  acfadrfmgly  .to  the .  Secretary  of •  ^''- 
the  Intearior.  aithe  tiiiifi,  tod  Mr.-  Selldwhas .  now.  reached  piwetically 
the:  -same ^  cotLetoskms, : except  as  to-  thei  impoortant:  diffcbreDee  of  rdvot^ 
ing  loniy:  at  thre&tesedjpo&zts  and  so  distidbutm^the  work  over  maiL;f 
years  and  letiiig  theirirer:  do  aB-  dtedging  and  ^ItfeMg  grav^  and 
rock*  well  dfifwn  to  the  limit  of  scour.  In  any  ivenrt,  the  xniatter  of 
fnnds  wiir  doubtless  distribute  the  x^ork  ovei<  a  long  period/ and  the 
procedure  r^cotiain^nded  tid^  to  atrange  the  "cuMng  of  tbe  garmetft 
a^oi^ing  to  the  cloth;"  '      •  '» 

With  a  railroad  track  on  the  le\/'ee6;  with  large- quantities'  of  rock- 
ready  in  near-by  quiirries  and  gravel  pitdiin  ^onstantop^ation,  and  a 
very  large  railway^  organization  which,  at  any  time/ on  telegraphic 
notice,  will  sdnd,  for -<i08t  plus  10%,  work  trains j  isteakri'  shoviels,  and 
a-  completely  organised  forc^,  the  methods  of  bank  and  levee  produc-- 
tion  work  here  seem  to  the  writer 'to  bfe-  self*evident.  •  All  those  who 
have  had  to  deal  with  the  lower  Colorado,  exeept  Mr;:  Odkerson,  agree 
as  to  the  3vrtai  importance  <&f  a  railroad  track  cm  these  ierees:- 

When  thus  equipped;  and  with  theT  foregoing  plan- of  river  control 
and  levee  revetment,  thete  is  no  reason  for  tecating  ^leviees- farther 
from  the  bank  than  needfiubto'  prdvidd  stiffioieiif ^  wateiwiiy  for  the 
greatest  possible  floods.  Location  farther  back  mieans  on  lower  land 
and  hence  higher  leveesand  greater  difficulty  to  revet  and  hold  when, 
attached,  by  bend. x erosion;  ;  Such  medre . distiant  letvee-  location-  can  at 
most  mean '  a  later  date  for  completing  the  entire]  idver  revetment, 
and,  outride  of  reasonable  limits,  this  becomes  a  disadvantage  rather- 
than- advantage.  ;  .         .    :   ! 

/Consequently,  iht  writea?  still  f^ls  that:  . 

"Because  ofthevArious  feuccGssful  And  tlnisudoessful' work  done 'in 
the  region    *     *     *^     the  Colorado  River  Delta  now  presents  no  un*: 
usual, .  ui^solyed-engineei^ing  difficulties;:  it$  .prpbleins  .ajfe  chiefly,  mat- 
ters. o£  statecraft,  in  both  riyei:  contrpl  and  irrig^tiqn.",  .. 

The  writer  joins  with  Prof essor  Potbes  in  regtretting  that  the  est- 
ceedhig^  =  inteiesting. geological  sketphv  and  Jaistoartcal  review  of  the 
Colorado  Desert,  pr^jared  ad  ■  a  •  pant  i  of  this  paper^  i  by  Professor  ,Blake 
shortly  beforehis  death;: could; not  be  utilized  in  that  way.  P.ortuinatelyu. 
it  will  ^appear  elsewhere^  andit^  x^ad4ng  is  commended  to  those  inter- 
ested in  this  aiibi«ct.  T    ;      .  -T       -i.r;   5     .'         ...   '■ 

.  Mr;  ' Chaff eyV  discuaaion  is  of  espeeial.  jnteriasfe  ,not  vonly.  to/the 
writer  and.  those  locally  iuterested,;  bui^  to  -n^ijy  .menSfcbers  of  •:  tbe 
Profession  who  .never, bad ja; personal,  interest  in.  til^s  Xow^;  Goioradp^ 
The  CQrrectjona  and  ^criticisms  it.,cpntai¥i8  the  writ<^r::CaBi  ojaly.  ^^mit^ 
t^-be  fairj.jhe  regrets  the  inapcuraciqS;  in  tbepapfir  whiphcaUed:  t^^ 
forth,  ^i?.d  t^es:.11ii^  pppQrJunity.to.e?Pi:esa,Ws,j)l^as;^ye.a^  %eir:being.. 
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Mr.  presented.  '  SinkJe  the  ipaper  was  presented,  the  SupTeme  Court  of 
^^^*  Calif omiaj  in  Thayer  vs,  CaKfoiJnia  Development  Co.,  finally  heldr 
the  system  of :  m.ntual  water  compani^  and  triparty  contracts:  to  be 
legal,  and,  iz^  ad^tion,  commended  such  plan.  Thia  is  tbeifirst  decision 
handed: down  squai^ly'  on  this-.point,  though  in  otheir  cases  the  I>iso 
trict  Federal  Gour^  and  the  State  Supreme  Court  ^had;  by- indirection 
practically  decided  just  the '  opposite.  It  is,  indeed,  a  sad  state  of 
affairs  when  it  takes,  from  1906,  wh^n  thQ  first  litigation  began,  until 
1913,  for  investors  and  settlers  to  know  .definitely  whethpr  their  opera- 
tions and  organizations  are  within  the  law.  Mr.  Mead  is  pight  in 
spying  that  at  least  .three*fourths  of  the  irrigation  eiJterprises;  frave 
been  financial  disasters  because  the.  laws  were  such  that  there  was  no' 
adequate  security  for  the.mon^y  iB3q)endedL  So  it  is.  that,  in  spite  of 
the  legality:  xyi  the  plan  as  finally  decided  :and  its  .esceUeiit  basic  busi- 
ness principles,,  it  would  doubtless  have  been  better  had  the 'project 
been  carried  out  under  the  .Carey  Aet.  •.'.■.,. 

The  writer  tekes  pleasure  in  expressing 'appreciation  of  the,  stand-i 
ing  of  Mr."  George  M.  Chaffey  in  irrigation  work  in  th€i  West.  The 
Ontario  Oolony  he  founded  in  1883  was  selected  ten, years  later  as  a 
miodel  f  or  the;  irrigation  exhibit  at  the  World's  .^Exposition,  and  in  his 
work :  at  Mildura,  Australia,  be  designed,  had  built  in  England,  .and 
installed^  the. first  centrifugal  pumps  driven  by  triple-expansion  engines^ 
there  being  four  pumps  on  the  same  shaft  with  a  totaL  capacity  •  of 
320  cu.  fti  per  see.  lifted  20  ft.  He  is  at  present,  cunbng  other  iMngs, 
head  of  the  magnificent  water  system  irrigating  10  000. acres  of  citrus 
lands  near  Whitti€ir,  Cal.,  including  -the  highest  priced  agricultural 
lands  in  California  ($5  000  per  acre).  Furthermore,  he  is  a  man 
of  affairs  and  of  large  means  which  he  acquired  principally  in: 'irriga- 
tion enterprises  and  hanking,  and  lience  has  the  confidence  of  moneyed 
interests. 

The  comments  of  Mr-  Chaffey  and  Mr.  Marshiall'  on'  soil  examina- 
tion and  reports  are  pertinent  and  worthy  of  serious  consideration! 
The  effect,  of  the  soil  reports  on  the  Imperial  region  was  most  serious. 

It  is  nearly  a  year  since  the' paper  was  written^  A2u1  in  thAt;  time 
the  maze  of  litigation  over-  the  Imperial  Irrigation  System  has,  if 
anything,  become  more  coDapiexi-  Arrangements  fhave. been  made  i  to 
supply  water  to  additional  lands^  by  the  Receivers  of  both  the  American 
and  Mexican  Companies  for  50  cents  per  acre-foot^  with  a  10%  free 
allowance  for  sei^pageand  evaporation,  and  with  no  '%ater  right''  or 
water  stock  charge  or  requirement.  Thus  the  later  ccttners  are  getting 
water  for  their  landb  on  better  temis  than  the  pioneers  in  the  region, 
and  the  opportunity  for  h^tterilig  the  finimcial  status  of  both  parent 
cordpanies  by  the  sale  of  valuaMe  water  rights-^and  so  in  the  last 
ahilysis  having  the  new-comers  bear  a  proper  share  of  the  inevitable 
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burden  of  readjustment,  however  that  is  to  be  accomplished — ^has  been  Mr. 
lost.     This  resulted  from   an  unfortunate  hostility  between  the  two  ^^^' 
Receivers.     Dr.  Mead  is  certainly  justified  in  his  comments  on  laws 
governing  irrigation  projects. 

The  development  of  the  country  is  going  on  more  rapidly  than 
ever,  and  land  values  have  increased  very  markedly,  due  to  the  grow- 
ing confidence  of  the  outside  public.  The  1913  shipment  of  perishable 
products  alone  is  3  880  carloads,  as  follows : 

Cantaloupes 3  499 

Watermelons   338 

Tomatoes   10 

Other  vegetables 26 

Miscellaneous   7 

A  new  high-line  east  side  main  is  nearly  completed  which  will 
water  an  additional  150  000  acres,  and  surveys  have  been  completed 
for  a  Mexican  Canal  following  closely  the  Paredones  delta  divide, 
crossing  New  River  near  Volcano  Lake  and  thence  northwesterly  to 
the  International  Boundary  Line  near  where  it  is  crossed  by  the  West 
Side  Canal.  These  canals  have  no  especially  noteworthy  engineering 
features,  however. 

No  progress  whatever  seems  to  have  been  made  in  international 
negotiations  looking  toward  joint  governmental  river  control  or  con- 
servation and  division  of  the  Colorado's  waters  between  the  two 
countries. 

A  very  interesting  and  complete  description  of  the  Colorado  River 
Siphon  of  the  Yuma  Project,  by  George  Schobinger,  Jim.  Am.  Soc 
C.  E.,*  has  recently  been  presented  before  the  Society. 

•Now  Assoc.  M.  Am.  Soc.  C.  E. 


PART  V. 


DEVELOPMENT— SEPTEMBER.  I9I3.  to  JULY.  1915 

BY  H.  T.   CORY. 

The  paper,  "Irrigation  and  River  Control  in  the  Colorado  River  Delta/' 
was  presented  to  the  American  Society  of  Civil  Engineers,  January  8,  1913, 
and  the  discussions  closing  in  October,  1913,  extended  the  engineering, 
financial  and  colonization  history  of  the  region,  to  about  September  1,  1913. 

The  paper,  together  with  all  discussions,  was  then  republished  in  the 
Transactions  of  the  Society  early  in  1914  (Vol.  LXXVI,  pages  1204-1571). 
This  closing  statement  is  to  set  forth  the  important  events  and  developments 
between  September,  1913,  and  July  31,  1915,  the  date  of  this  volume's  going  to 
press. 


DEVELOPMENT-^  SEPTEMBER.  1913.  to  JULY,  1915 

BY  H.  T.  CORY 

I.    SALTON   SEA. 

Depth  and  Area. 

The  waters  of  the  Salton  Sea  continue  to  diminish,  the  depth  on  July  1,. 
1915,  being  just  40  feet.  In  February  and  March,  1907,  it  was  76  feet,  so  that 
the  total  decrease  is  36  feet  in  8^  years,  or  an  average  of  4.36  feet  per 
annum.  The  present  water  surface  is  about  310  square  miles.  When  at  its 
maximum  height,  the  overflowed  area  was  about  475  square  miles,  so  the 
decrease  has  been  about  165  square  miles,  or  105,000  acres. 

Composition. 

The  water  continues  to  grow  in  saltiness,  and  now  (July,  1915)  has 
almost  14,000  parts  per  million  of  total  solids,  plus  water  of  occlusion  and 
hydration.  This  is  almost  exactly  three  times  as  high  total  solids  as  on 
June  3,  1907.  See  abstract  of  Dr.  W.  H.  Ross'  monograph  in  Part  II,  page 
37.  The  percentages  of  concentration  for  the  separate  constituents  continue 
to  show  variation  from  the  general  rate  of  concentration,  due  undoubtedly 
to  the  disturbing  effects  of  drainage  and  seepage  water  reaching  the  lake. 
Three  constituents — calcium,  carbonic  acid  and  potassium — are,  however, 
showing  variations  clearly  due  to  other  causes;  the  calcium  and  carbonates 
are  not  concentrating  as  much  as  the  other  constituents,  while  the  carbon- 
ates even  show  an  actual  decrease.  It  now  seems  well  established  that  this 
loss  of  calcium  carbonate  is  due  to  the  formation  of  new  travertines  similar 
to  those  formed  when  the  ancient  Salton  Sea  dried  up  and  disappeared. 
The  potassium,  however,  of  late  has  increased  in  about  the  same  ratio  as 
other  constituents  on  account,  at  least  in  part,  of  the  apparent  decrease  in 
animal  and  vegetable  organisms  in  the  water. 

The  water  is  now  normally  very  clear  and  the  minute  organisms  seem  to 
be  decreasing, 

II.    IMPERIAL   VALLEY. 

Litigation. 

During  the  entire  period  the  receivers  of  the  C.  D.  Co.  and  of  the 
Mexican  Co.  have  continued  in  charge  of  the  properties,  and  because  of  dif- 
ferences between  themselves  and  the  various  Mutual  Water  companies, 
appeals  to  the  court  have  been  frequent.     The  litigation  between  the  stock- 
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holders  of  the  parent  companies,  the  bondholders  thereof,  the  New  Liverpool 
Salt  Company  and  the  Southern  Pacific  Company  has  continued  with  little 
tangible  results  and  there  have  in  addition  been  added  to  the  docket  several 
actions  which  would  be  of  real  importance  were  it  not  for  the  activities  of 
the  Imperial  Irrigation  District. 

Receiverships. 

The  receivers  of  the  C.  D.  Co.  and  the  Mexican  Co.  have  from  the 
beginning  worked  at  cross  purposes,  apparently  with  increasing  misunder- 
standing. This  has  resulted  in  increasing  inconvenience  to  and  growing  irri- 
tation among  the  water  users  in  the  valley,  particularly  on  the  American  side. 
Many  features  of  such  antagonism  have  been  little  less  than  opera  bouffe  in 
character,  but  unfortunately  usually  had  serious  consequences  to  the  American 
water  users.  Many  incidents  of  the  American  receivership  strikingly  remind 
one  of  Daudet's  incomparable  "Tartarin  of  Tarascon." 

The  Imperial  Irrigation  District. 

The  Imperial  Irrigation  District  was  created  July  24,  1911,  by  an  over- 
whelming vote.  After  considerable  litigation  concerning  the  legality  of  its 
formation,  and  the  enactment  of  special  legislation  by  the  California  Legisla- 
ture of  1913,  the  organization  or  rather  municipality,  became  active  and  on 
October  29,  1914,  by  vote  of  3278  to  330,  authorized  an  issue  of  $3,500,000  five 
per  cent  bonds  which  fall  due  serially  in  the  period  from  twenty  to  forty 
years  hence.  At  the  general  November  election  of  1914  an  amendment  was 
adopted  to  the  State  Constitution  removing  the  inability  of  the  District  to 
acquire  property  in  a  foreign  country  (Mexico)  and  at  the  session  of  the 
Legislature  just  adjourned  (May,  1915)  numerous  desirable  changes  in  the 
California  statutes  concerning  irrigation  districts  were  made.  These  changes 
are  in  large  measure  due  to  the  earnest  efforts  of  Mr.  M.  W.  Conkling, 
Attorney  for  the  District.  The  municipality  is,  therefore,  now  ready  and  able 
to  carry  out  effectively,  the  objects  for  which  it  was  formed,  viz:  (a)  to 
supply  irrigation  water  to  the  American  part  of  the  Imperial  Valley  and  (b) 
to  be  its  agent  in  the  matter  of  river  control. 

After  considerable  negotiations,  arrangements  have  been  all  but  com- 
pleted with  the  Southern  Pacific  Company,  whereby  the  Imperial  Irrigation 
District  takes  over  all  equities  of  the  Southern  Pacific  Company  in  the 
C.  D.  Co.  and  in  the  Mexican  Co.,  except  about  70,000  acres  of  Mexico,  still 
belonging  to  the  Mexican  Co.  This  transfer  to  the  Imperial  Irrigation 
District  is   for  the  consideration  of  $2,152,500    of    its    bonds    with  interest 
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thereon  beginning  July  1,  1915.  The  railroad  company  further  agrees  to 
buy  enough  more  bonds  at  par  to"  furnish  the  funds  necessary  to  pay  the 
judgment  of  the  New  Liverpool  Salt  Company,  should  this  be  necessary  for 
the  District  to  do  as  the  result  of  action  now  pending  in  the  California 
Supreme  Court.  The  Imperial  Irrigation  District  also  acquires  $251,600 
face  value  of  the  $487,000  outstanding  bonds  of  the  C.  D.  Co.  with  interest 
accrued  thereon,  and  approximately  $315,000  worth  of  receivers'  certificates 
issued  by  the  receiver  of  the  C.  D.  Co. 

It  is  understood  ^hat  by  September  1st  the  Imperial  Irrigation  District 
will  have  been  enlarged  to  include  a  total  of  600,000  acres  of  land  on  the 
American  side. 

At  the  same  time  it  is  most  interesting  that  the  installation  of  an  intake 
gate  just  over  the  boundary  line  in  Mexico  is  under  certain  possible  con- 
tingencies being  seriously  considered  because  while  there  would  thus  be  an 
abandonment  of  the  C.  D.  Co.*s  water  rights  in  the  United  States,  there 
would  on  the  other  hand  be  a  short  cut  to  eliminating  as  legal  factors  the 
C.  D.  Co.,  including  its  receiver,  judgments,  litigation  and  outstanding  bonds 
(see  page  1231,  "Pilot  Knob";  page  1251,  "Ideal  Plans";  page  1275,  "Mexican 
Concession  Secured,"  and  first  paragraph  on  page  1422). 

In  the  latter  part  of  1914,  Mr.  C.  R.  Rockwood,  who  was  the  original 
and  moving  spirit  in  organizing  the  C.  D.  Co.  and  who  was  until  April,  1906, 
its  Assistant  General  Manager  and  Chief  Engineer,  was  appointed  Chief 
Engineer  of  the  Imperial  Irrigation  District.  That  Mr.  Rockwood  should 
again  be  called  to  head  the  engineering  work  of  Imperial  Valley's  irrigation 
system  is  of  peculiar  interest  and  '^^  a  source  of  sentimental  and  personal 
satisfaction  and  pleasure  to  his  many  friends  in  the  valley. 

Joint  Governmental  River  Administration  and  Protection  Work. 

On  account  of  the  unfortunate  revolutionary  conditions  in  Mexico,  no 
progress  whatever  has  been  made  in  international  negotiations  looking  toward 
joint  governmental  river  control  and  conservation  and  division  of  the  waters 
of  the  Colorado  River  between  the  two  countries.  This  fact  has  an  important 
bearing  on  the  advisability  of  the  Imperial  Valley's  diverting  water  at  the 
Laguna  Weir. 

Extensions  of  and  Changes  in  Irrigation  Works. 

The  East  Side  High  Line  Canal  mentioned  on  page  1571  of  the  paper 
was  completed  in  April,  1914,  and  will  serve  to  water  110,000  acres  of  land 
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lying  to  the  east  and  north  of  the  area  irrigated  in  1912.  In  addition  several 
other  canals  both  in  the  United  States  and  Mexico  have  been  constructed, 
but  they  are  relatively  minor  in  character. 

Several  important  canal  structures  have  been  installed,  the  chief  ones 
being  a  wooden  gate  in  the  Alamo  at  the  east  line  of  the  Imperial  Develop- 
ment Company's  or  Cudahy  property  in  Mexico  near  Bataques ;  the  Lawrence 
Heading  where  the  East  Side  Main  Canal  takes  off  the  Alamo;  the  Allison 
Headgate  replacing  the  Holt  Heading  just  north  of  the  International 
Boundary  Line  on  the  main  canal  feeding  Imperial  Water  Company  No.  7; 
and  a  new  headgate  for  the  Encina,  or,  as  it  is  now  generally  called,  the 
West  Side  Main  Canal,  just  above  Sharp's  heading  on  the  Alamo  River. 

The  Encina  Flume  in  the  West  Side  Main  Canal  over  the  New  River  has 
been  replaced  by  another  structure  of  imtreated  wood  just  above  the  old 
location.  The  flume  is  22  feet  by  6  feet  and  has  a  capacity,  with  a  depth  of 
5y2  feet,  of  1210  second  feet.  It  is  698  feet  long  and  is  connected  with  the 
canals  at  either  end  by  concrete  inlet  and  outlet  structures,  each  62  feet  in 
length. 

In  addition  to  these  a  Stoney  gate  (sliding  vertically)  has  been  in- 
stalled at  the  west  end  of  the  original  Taintor  or  Concrete  Headgate  at  the 
present  intake  on  the  Colorado  River.  This  Stoney  gate  has  its  bottom  9  feet 
lower  than  the  sill  of  the  original  structure  and  consequently  permits  taking 
water  from  the  river  when  at  a  considerably  lower  stage. 

One  of  the  results  of  using  this  new  Stoney  Gate  is  drawing  into  the 
canal  from  the  bed  of  the  Colorado  a  relatively  large  amount  of  the  heavier 
sands.  The  suction  dredge,  "Imperial,"  which  works  below  the  gates  is  now 
pumping  gravel  the  size  of  split  peas  and  the  canals  through  the  valley  are 
carrying  much  heavier  sand  than  ever  before,  consequently,  the  difficulties  of 
keeping  the  ditches  and  canals  in  condition  is  irtcreasing. 

Since  1912  when  a  small  amount  of  work  was  done  in  the  vicinity  of 
Sharp's  Heading  and  about  30  days'  operation  of  the  dredge  "Delta"  in 
January  and  February,  1914,  there  has  been  no  dredging  on  the  Alamo  River 
or  Main  Canal  in  Mexico  since  1911.  Entire  dependence  has  been  placed 
on  team  levees  along  the  bank,  and  these  levees  have  become  so  high  and 
the  borrow  pits  so  deep  that  they  are  beginning  to  constitute  a  real  menace. 
The  bed  of  the  Alamo  River  is  constantly  rising — so  much  so  that  in  1914 
both  levees  were  only  saved  from  being  overtopped  by  means  of  shovel  work 
while  in  places  for  a  mile  at  a  stretch,  there  was  less  than  three  inches  of 
freeboard  during  the  period  of  maximum  demand,  because  the  high  water 
grade  lines  were  as  much  as  two  feet  higher  than  the  year  before. 
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The  dredge  "Gamma"  was  sunk  May  27,  1913,  in  16  feet  of  water  and 
the  dredge  "Delta"  has  been  berthed  on  the  bottom  on  the  Alamo  bank, 
because  its  hull  has  rotted  and  no  provision  made  for  funds  to  build  a  new 
one.  A  new  dredge,  the  "Beta,"  has  been  constructed  by  the  receiver  and  is 
at  this  moment  (June,  1915)  working  in  the  main  canal  supplying  Imperial 
Water  Company  No.  5  just  above  the  Allison  Heading.  It  is  expected  to  be 
soon  sent  across  the  boundary  line  into  Mexico  and  put  to  deepening  and 
widening  the  Alamo.  The  "Beta"  is  a  dipper  dredge  with  IJ^-yard  Marion 
steam  shovel  equipment,  and  has  a  steel  hull. 

In  addition  there  has  been  some  work  done  with  the  Stockton  dredges 
(which  are  described  on  page  1280  and  shown  in  Figure  17  of  the  paper)  on 
the  West  Side  Main  while  the  dredge  "Alpha"  is  now  working  near  the 
International  Boundary  Line  with  the  expectation  of  dredging  back  as  far 
as  the  flume  over  New  River. 

Mutual  Water  Companies. 

Several  more  Mutual  Water  Companies  have  been  formed,  the  complete 
list  of  all  those  on  the  American  side  is  as  follows: 

Nos.  1,  2,  4,  5,  6,  7,  8  and  12,  the  South  Mutual  Water  Company,  the 
North  Mutual  Water  Company,  the  North  Side  Mutual  Water  Company,  the 
North  End  Mutual  Water  Company,  the  Imperial  South  Side  Mutual  Water 
Company  and  the  Imperial  East  Side  Mutual  Water  Company — z  total  of 
fourteen  companies,  comprising  600,000  acres  of  land.  ' 

Irrigated  Areas  and  Population. 

During  this  season  (1915)  there  is  under  cultivation  on  the  American 
side  fully  400,000  acres  and  on  the  Mexican  side  40,000  acres. 

The  ultimate   irrigable  area  on   the  north   and   west   of  the   Colorado       ^ 
River  as  its  course  now  runs  is  1,000,000  acres  on  the  American  side  and 
250,000  acres  in  Mexico. 

The  net  amount  of  water  delivered  to  American  water  users  by  the 
C  D.  Co.  receiver  in  1914  was  1,020,323  acre  feet.  The  amount  so  delivered 
in  1909  was  453,412.  The  agricultural  development  in  5  years  has  thus  in- 
creased the  water  requirements  of  the  American  side  about  2%  times. 

The  population  (1915)  of  the  irrigated  sections  is  probably  35,000  in 
America  and  5,000  in  Mexico. 

River  Control. 

Until  the  passage  of  special  legislation  as  heretofore  mentioned  it  was 
impossible  for  the  Imperial  Irrigation  District  to  do  any  river  control  work 
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or  spend  any  money  in  Mexico.  There  was  no  other  organization  to  represent 
the  valley  and  the  receivers  of  the  C.  D.  Co.  and  the  Mexican  Co.  continued 
failing  utterly  to  co-operate. 

While  this  was  the  situation  during  the  summer  flood  of  1913,  conditions 
on  the  river  levee  at  mile  post  7  (reckoned  from  the  Concrete  Heading) 
became  threatening  because  of  bank  caving.  In  considerable  part  at  least,  this 
was  due  to  deflection  of  the  current  from  the  Arizona  bank  by  jetty  work 
installed  to  protect  the  levees  of  the  Yuma  project.  A  small  amount  of  work 
done  at  th«  proper  time  would  have  stopped  the  bank  cutting,  but  there  being 
no  agency  able  or  willing  to  handle  the  situation,  the  action  was  allowed  to 
continue  until  the  cutting  extended  through  the  levee  and  about  half  a  mile 
of  it  was  washed  away.  Finally  the  Imperial  Irrigation  District  contributed 
$30,000  and  the  U.  S.  Government  $47,000,  out  of  the  balance  of  $55,000 
remaining  from  the  million  dollar  appropriation  made  by  the  U.  S.  Govern- 
ment in  January,  1910  (see  pages  1437  and  1452  of  the  paper).  With  this 
total  of  $77,000  expended  chiefly  under  the  direction  of  Gen.  W.  L.  Marshall, 
Consulting  Engineer  to  the  Secretary  of  the  Interior  of  the  United  States 
Government,  a  shoefly  levee  was  constructed  around  the  break  and  some 
40,000  cubic  yards  of  rock  revetment  placed  along  the  river  levee  between 
mile  posts  5  and  7.  A  small  portion  of  this  rock  revetment  work  was  paid 
for  by  the  mutual  water  companies  operating  through  what  is  known  as  the 
Advisory  Board  of  the  Mutual  Water  Companies.  This  Board  is  made  up 
of  one  director  from  each  water  company. 

As  the  summer  flood  of  1914  neared  its  peak,  the  water  against  the 
Volcano  Lake  levee  reached  a  dangerous  height  and  on  June  10th  was  at  the 
eastern  end  within  35  feet  of  the  top.  Then  a  break  occurred  due  to.  a  rat 
hole  near  mile  post  8  (measured  eastward  from  the  Black  Butte  or  Cerro 
Prieto)  which  increased  until  it  passed  a  maximum  of  13,000  second  feet. 
It  is  generally  understood  that  had  the  levee  not  broken  it  would  have  been 
overtopped.  The  water  passing  through  this  break  ultimately  got  into  the 
New  River  above  the  Encina  or  West  Side  Main  Canal  Flume,  but  it  did  no 
damage  other  than  washing  out  a  few  fills  on  several  of  the  bridges  crossing 
the  New  River  on  the  American  side  of  the  line. 

In  February,  1915,  the  United  States  Congress  appropriated  $100,000 
for  river  protection  on  the  Colorado  River,  conditioned  upon  the  Imperial 
Irrigation  District's  contributing  a  like  amount  to  the  United  States  Treasury, 
the  total  sum  to  be  spent  under  the  direction  of  the  Department  of  the 
Interior.     Again  Gen.  Wm.  L.  Marshall,  Consulting  Engineer  to  the  Secretary 
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of  the  Interior,  was  placed  in  charge  of  the  work.  Approximately  $80,000 
of  this  was  spent  in  placing  rock  on  the  river  side  of  the  levee  between  the 
Concrete  Headgate  and  mile  post  7.  The  total  quantity  of  revetment  so 
placed  was  approximately  70,000  yards  and  it  is  believed  that  the  levee  between 
the  points  named  ought  to  be  safe  for  the  time  being,  and  possibly  for  several 
years.  The  other  $120,000  has  been  spent  in  raising,  strengthening  and 
extending  eastward  the  Volcano  Lake  levee.  Approximately  440,000  cubic 
yards  of  levee  work  proper  has  been  done  and  about  200,000  cubic  yards  of 
combination  levee  and  canal  work. 

The  last  item  of  200,000  cubic  yards  is  the  material  necessary  to  move 
in  order  to  construct  a  canal  from  in  front  of  the  new  Cudahy  gate  on  the 
Alamo  River  near  Bataques,  southerly  to  the  Volcano  Lake  levee  and  thence 
along  the  north  side  of  that  levee.  The  object  is  twofold,  carrying  water 
along  a  high  line  to  the  West  Side  of  the  valley  and  levee  building  by  silting. 
The  latter  idea  and  the  situation  at  the  Volcano  Lake  levee  can  best  be 
explained  together.  The  Abejas  or  Bee  River,  has  been  rapidly  building  up 
its  banks,  and  also  probably  its  bottom,  with  silt,  so  that  where  it  now  flows 
across  the  bed  of  the  old  Volcano  Lake  it  is  much  higher  than  formerly  and 
apparently  is  still  rising.  Due  to  this  "silting  two  alternatives  for  local  treat- 
ment are  possible.  Either  (1)  the  river  protection  work  must  be  moved  over 
to  the  present  course  of  the  stream  in  order  to  continue  levee  building  and 
maintenance  on  the  highest  ground ;  or  (2)  the  ground  in  front  of  the  present 
Volcano  Lake  levee  must  be  raised  artificially.  The  back  water  which  comes 
against  the  Volcano  Lake  levee  under  existing  conditions  is  so  nearly  clear 
that  there  is  very  little  silt  deposition.  Furthermore,  the  material  along  a 
considerable  length  of  this  levee  is  not  favorable  for  dyke  construction. 
Mr.  C.  N.  Perry,  engineer  for  the  receiver  of  the  Mexican  Co.  and  who  has 
been  connected  in  responsible  capacities  from  the  very  beginning  of  engi- 
neering operations  in  the  Imperial  Valley,  two  years  ago  suggested  the  plan 
of  carrying  a  limited  amount  of  water  along  the  Volcano  Lake  levee  and  thus 
continually  deposit  silt  there.  The  plan  will  probably  be  put  into  execution 
in  the  near  future.  It  is  urged  that  by  constructing  a  high  line  Mexican 
Canal  with  its  southernmost  bank  being  the  Volcano  Lake  levee,  for  carrying 
water  to  the  west  side  of  the  valley,  that  sufficient  silt  can  be  annually 
deposited,  dredged  out  of  the  canal,  and  placed  on  the  Volcano  Lake  levee 
to  keep  pace  with  the  general  rise  in  the  channel  of  the  Bee  River,  until  such 
time  as  the  stream  may  make  a  new  channel  further  east  and  south.  Surveys 
are  to  be  started  after  the  1915  summer  flood  season  has  passed  to  determine 
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what  changes  shall  have  taken  place  during  the  1915  summer  flood  and  par- 
ticularly since  the  survey  made  by  Mr.  T.  J.  Hind  during  the  summer  of  1911 
(page  1449  of  the  paper). 

Messrs.  Epes  Randolph,  T.  J.  Hind,  F.  L.  Sellew  and  certain  other 
engineers  on  the  contrary  hold  that  the  only  proper  treatment  of  the  whole 
river  protection  problem  is  the  closing  of  the  Abejas  break,  returning  of  the 
river  to  the  old  channel  (that  prior  to  1910)  and  maintaining  a  line  of  levees 
on  the  west  bank  essentially  as  outlined  by  Mr.  Ockerson  and  followed  in 
his  work  of  1910-11. 

Diversion  of  Water  at  the  Laguna  Weir 

Partly  on  account  of  the  difficulty  in  maintaining  the  canals  in  Imperial 
Valley  because  of  silt  deposition  and  partly  to  assist  in  negotiations  for 
securing  the  irrigation  system  in  the  Imperial  Valley,  Mr.  M.  W.  Conkling, 
Attorney  of  the  Imperial  Irrigation  District,  in  December,  1914,  conferred 
with  Hon.  Franklin  K.  Lane,  Secretary  of  the  Interior,  concerning  diverting 
water  for  the  Imperial  Valley  at  the  Laguna  Weir  of  the  Yuma  project. 
The  offer  was  tentatively  made  by  the  Secretary,  subject  to  congressional 
approval,  to  permit  diverting  water  at  the  weir  for  a  flat  payment  of  $500,000. 
In  addition  it  would  be  necessary  to  construct  a  canal  from  the  weir  to 
Andrade,  although  for  part  of  this  distance  at  least,  it  would  be  possible  to 
enlarge  the  present  West  Side  canal  of  the  Yuma  Project. 

All  things  considered  it  is  a  serious  question  whether  it  would  not  be 
very  profitable  and  wise  for  the  Imperial  Valley  to  make  some  such  an 
arrangement,  instead  of  continuing  to  take  water  out  of  the  river  at  the 
Boundary  Line. 

Recent  Temblor  Activity. 

In  June,  1915,  occurred  the  severest  seismic  disturbance  in  Im- 
perial Valley,  certainly  within  recent  times.  Several  rather  hard  shocks 
were  felt,  and  considerable  damage  was  done  in  the  southern  part  of  the 
valley,  particularly  El  Centro,  Heber,  Calexico  and  Mexicali.  Outside  these 
towns  no  damage  of  any  importance  occurred.  Tremors  continued  for  about 
two  weeks,  during  which  time  there  occurred  a  total  of  considerably  over 
one  hundred  temblors. 

It  certainly  is  not  of  record,  however,  that  this  region  is  more  sub- 
ject to  earthquakes  than  any  other  part  of  California,  Mexico  or  the 
Pacific  Coast. 
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In  fact,  every  part  of  the  World  is  subject  to  this  species  of  visitation. 
Those  who  talk  about  "earthquake  countries"  forget  that  every  spot  on  the 
earth's  surface  has  suffered  and  will  suffer  again  from  convulsions  of  this 
kind. 

In  conclusion  is  given  the  following  apt  quotation  from  the  San  Fran- 
cisco Argonaut  of  July  26,  1915: 

"It  is  not  too  much  to  say  that  the  Imperial  Valley  is  at  once  the 
largest  and  potentially  richest  unified  district  in  the  United  States.  It  is 
practically  a  vast  hot  house,  in  which  may  be  grown  throughout  the  year 
products  which  elsewhere  may  be  produced  only  under  glass." 
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